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I mpntr I ant t that  t l ue- longest responuse t ime-s  Iu i r  I i v y  - Ii nih I —mo r u i  tori ng tasks
were u s s m i c i  ml ed w i  t h u a di f f u’nn-n t task ct i mk i im m at I tint  t i t unm w i - n e- t h e -  longest
n ’- s ; v m r u s u -  t ime s for th e- m eter—montit tiring t a s k .) ~ i n i n m i f i c - ,unI d i f fe rences were
,u lsv i  fuunnd b - t w e e - m u  t ,ms k comh)inal i ons fen r t i n t -  t n - n c - k  I rug I . usi- ( v e e - t  or I~MS error)
amid for t i te  prob lu-rn sol ving task  ( n t - m h t i n t t i u r t t  n i - s ; m i m n ts u - s  ) . l it- I t  b y e - n  thu mu-ntd l

mn timnnw t Ic task nor t ite  pat ternn discrimi ridti on t a s k  stu n ) wn- d  Si g rv i fi cant
cl i ff en u- nt - u-s  as a fu j rnc t  ion of task ce )mbj nat ion . This  1 ac -k of n il ffererrres
cou ld ir K-ant that  these lat ter tasks  ann - less s t -nv s i  ti v u -  l v i  wo rk l r n uc i
-.ar ia t  ions , or it could mu -ant t inat t I n n~ w i-r u- giv e n hiq bu i -r pr ior i  t i n s  by t lue
suit j i m - I s .  A lt lmouej h a dc-ta i led e - v a l u n a t i o n  of u - x a c t  I~ imow t c i  . u i - e - u i u m n t t  for the
di f fer e - n i u - u- s acro ss tasks is not nt - i  t - v m n t t  I n n u i m nr  purposes , some gertcr~m I
n mt is u rv ,ut  ions ur n - perhaps in order.

Th u- data af F i gure 3 ire based orn t ime mean of two l — h n m t m r  se s s i o ns ;  the
subjects buad had a total  of about 7 imo urs of pn~u u -t i i-u- on t b t e  tasks i ie fv r-
thu- f i rs t  of t I m e - s i -  sessions ,uiuni 10 imo n i rs c f  pract i u- i Iii- f t i i - u- the second.
Among the l i teral ly hundreds of sub j n - r - t s  wino bv av i -  lear rucd to p - r f o r m  these
tasks , it has bee n typ ical l i m i t  t ime subjects init ial ly h , tv n -  d i f f icu l ty, for
e-xannp le , comp leting ari thmetic I,rot)lemS in l I me  a l lot ted 20 seconds w i th  any
time to spare . Similarly, l u c y  t’ requermt l y qe-t “inunq tip ” on t i t i -  problem—
so lving task at thue expense of Ut’- other tasks , c -v t -n t  t lnough t ivu ’ y  are
rem ino l i -n b dun rig t rt i n i  nq t h at  l b m i ’ ~ are to at t i ntl 1 c m  a l l  tasks  • Thus , t hie
learninug proced ure typ icdl  ly conus i s l s  of f i r s t  , acqu iring sk i l l  on time
I nndi v i dual tasks ,,ntd , then , qn~ i m n , u II~ lu- u m m  I ng I n s  s ly i ft  rapidly and
t - f f i  Cm -rn  t ly from - u g iveru act iv u-  I ask on whi  civ I t n t - j r  a t tention may be focused
at a g i vi :nv time t o  co n n c c imru - rmt  d ema nd s  ( i - . m l . ,  t ime v i r v s i - t  of a nt-mi  I iq i m t  or
aruot  I t t -n  t v - I l y v -  t u s k ) ;  or , viii 5 u t i s f m c - I  ion t if  t h i n -  rne)mentar-~ demands of th e
act  i v ’ -  I u - , ks , t l uu -y  may s im i f t  I n n  s d - a r n n u i r t g  t I m e  p~u n m - I  for mn)nlitoninq si gnta ls.
II is a! ; m~ i - i n - a r t b t a t  n - v t - n m  at h t i c j in  l u - v u - I s  if l r a i m m j u m c j ,  t l v n - n n -  ,m ru - sub s tan t ia l
ir v n i jv - I vlm n , I (l iff t -r i -rv( - t- - -, in I i n n -  s u noot i u r mt-ss  anui l s h u t - u  w I t I m wI i t -bm a t t  u-n i t  ion
appu-a rs to hi- sini fted from e - ~t - r c -  is m g mv u- k I rich  nuf I u t - t i  iv ii vra I process to
, i r v t t t  tin-n , di f fe ru-rut  kinud of process. I or t i m  is anini ot luer ~~-asons , a study was
uj rnn l t - r t , u k u - r i  ( II) ) Inn t i n - I  u — nrn i  n m n -  w i n et im u -n art i n i i i u - p n - n u t l n - n i t  ( t  m ix- s i ua r iu u n i . ’ )  sk i l l  in
1 1 1 5  n lornain u could itt- m It - n t I f l u - u i  im ~ v n s i r n n l  t h u  t e - n - i m m u i qu ie s of f , u n tor anal ys is.
In v t t m is ~ Ii mvl ~ , I I mu- Ii gluts ( red ani (l c i  r i - i - ru )  and t lit - meter—mo nItorin g tasks were
fo’u uni I i i  l m n - u v i  on s u- p , j ru I  u - fan -tons w in e - ru  lie- n form u-ii - is i ndi v inlt ; uI t asks. When
i n - r fo rme-d 15 part  cif u comp In - \  task , b i t t  - S n  - mon i tori ru g t asks al l  loaded orn a
thu i rd , I n n u i n - p t - r v d u - n t t  fact  t i n ,  if ti -test -’ resul t s , whi ch S v n v i v i n ,I a possible time —
sb u~m n i r u c i  miii l i l y ,  should mo ld  nip onu rep l I m - . t t  t o r t , irnpo rtant t  imp l ic ,ut io nms are’
5 u i c i c j t - s t u - d l  t t t r  t h u  si l u-i 1 l oni oi s u i b j u - u t ~ I m ~ b ut -  n j su - d  in v ,unious kinds of tes ts
of s y s b  u rns ,unud sy-sI u-rn componiu- itts .

Il v u- -.yr mt Itt-b I c -  we rk nm-I buodo loqy I n ,- , y l u  I(it (1 i t t  I m n n resu l t s  of re levanci - to
I n -  v ns n -  of s u - n - n m r u n t m  n-v load I r ig t u s ks as measur es of work 1 oad. In a study of
l u  i - I  I t - c - I  s of 1) 1 00(1 al c n mb vo l lu- ye I- of •rpp rox imat- 1~ I ) . 1 percent , a device

I ha was ‘Ii f fu- ru m u l  from I i m n -  ilul tip le T ,ms k l~er formartce l l a t t t - rv  described above
w as u t - ,n - y b , hut t h u t -  r u - t ; u i  remeni t -, f u r  t ime s im , u r i  mg w er i- s imi lar ;  performance of
n il f f e r n - n v  I n- omb inv .u I i n ure ~ of merut a 1 an tb t im -t  i e , m nmnul toning, and two—dime nsional
I r - i t - ~ i n m n j  I asks wa s required ( 1’)) .  h i t -  r u - s t i l t s  Sltowe (l that the monitoring
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t ms ks  w er - n - , i f t u - n - i u - d  u t  u- , u t i t  of  tht- two lu-vt- Is of work load used , t n t  b i t t-

I r - i c k i n c ~ I u ~ k W j ,  uf fm- n t  n -n i  m i n i ’ , ut t in t ’  b u igimer of t i n t -  t w c i  work loads ( t r a c k i n g ,
moni i t o n i r - m b ,  arid a r i thnm-t i n :) .  T h u  ,unj l itn ix - t ic  task was r iot s i q n i f i n - m t m l  I ’,
, i f f u t t e e i  t n n t t i m - r  n- i t i t u - r  wo n —k l n ~ t t I  m - onvu i i t loin. m u  th is ~I on ly,  I_ t i n  s u b j e c t s
apparen t  I ~ r u -m ;arde-d I l i t -  an i t lu mt - t  Ic I ask as being a ‘‘ primary ’’ task d ud  m~, u- vu - I t
pni (in I ~ ov u- r  t i m i -  01 m n - n  tasks; it ( ‘O t t  Id perhaps be arg uied t h at tite subje ct s
“prtit ec t n-c l ’’ thu d r ar i Unme t ic pt-n - fy i  r r r t u n i c u -  at t u e  expentsn- of the c t iuu-r t , u~ ks
When ~e i s t  I I nn -  t r ut -king ,intd mo nu i ton ing tasks wi- nt- pr e se rmtn-c l , it cov i  Id
s imi  larh be- ur n ;n i t - d that th e -y placed pnionity on t i ~ t rac king task arid
“p r o t t - c t u - d ”  I m a t  pn-r formance . W h - t h u e r  or ruot t in t -s c propos -d in terpre-tat iorus
are - i n -  u -n - ;v l id  as reasormab I e , it se-ems cl n- ,u r (and ver y comom~senusi cal ) t t a t  t I m e -
prior i I ~ an operator  assi gns to -i task w i l l  hit - an important factor  in
de t e rmi  r u n g  t I m e -  l u - vu -  1 of performance mai nt 5ii nied on t h a t  t a sk  as other dot  in- s
ire- added,

- \ r t 5 n l y t Ic ari d Sy r v t  b i t - t i c  t i t- t i nods .

r uin- n ix -th etis to bin -  discussed m i  this se -c t ion m have hi - i -nm somewitat
- unit it ran l y n-at n-u ;t in i  ,e- d as aria ly t i c  or s~ ru t Itt- f Ic - . ([lo I hi types of metim ods
I m ,u vu- stinK C ln- nruu -rmt s of n-ac m ge n e r a l  approach , but , in my op inion , the fi rst t o
b t n -  discussed I i-ans a l it  t t in  more- in tI me anal y t i c  di rect ioni and m t i v t -  se cond , a
l i t t l e’  more in, t i n e  ~~ t i t h t i - t  iy d in i -c tj on i .)

-\ . A nal y t i c  1- let bio ni . Seniders has ben- n, a major proponent of the anal yt ic
method of work load  analysis (44 ,45 ,46 ,47 ,4~- t ) .  This basic approaciu rests on
ttie fo l lowing ~uss um ptionts ( 49 ) :

1. ~ is v na l  n i i s t r i i u m m l  loin of a t ten t io r t  is the major indicator of operator
work load.

2 , T i e  va n m n)v ls  S i g nm m 15 1 h a t  mus t he mon-t i tored deman d at  te rut ionu
commenus u r ut  u- w i  thu t iue-  n - b , u r a n - t c - r i s t i c s  of live signal dud t i m e  required p m - n - i  s io im
of rn- ,.dotj t o f t ite s i g n a l  by t ime human operator.

3 . Tine i t t i mant  operator is n - f f ec t i  vi - l y a s Lrug le— c ita n n uc -  1 device capah) lu- of
at t n - rm d l  rig to or, 1 ~ nfl t  S L qnta I at ar t y  t ime .

4 • fl uu- probahi Ii t~ of tnnj man fai luire ,ut aniy ti me - is i-qua 1 to tht-
probabi lit > th at two or more si gnia Is will demand simultaneous attn-rut i urn .

Se nt t i t -ns ~ I -i tes I ln,i t t i t t - ~ u- ire sim p list I c assumptions in the sn -r i se-  that
I l y n n s I qna I so n u n - v -n - s  ( e • (J. , auci i tory ) are nuot cons I ( lu-rn-n i ; ~m It u-r u t I on t 0 t Ime

visual  part of i -n i nut  iniuous manitn~uI con t ro l tasks Is not considered; and
peri ii t i , n ,ul vision , is ntu ; t  t a k u -n i  Into account. Titus , the major anal yses have to
do primarily wi thi inistrun nx ’nut layout .30(1 deal onl y wi th requirements for
lnstnuinenu t reading -us ~i sn a ur r u- of work l oad.
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impor t  ant f e - a t  t in t -  of t im is  approach is that 1 t c ai n be ipp h e’d Inn
advance- of lit - e x i s t i - n m n - u -  of &peci fic hardware ; it reqn ui res onl y t inat certain
cmunm cbi t  ions be’ spu c- if iab le .  For  a given visual disp lay , if the’ followin g
in formation is i v u i la b l e , the-n workload—related parameters can iii- ca lcu lated:

I. TInt-  ma\ imum or cutof f  frequency of the display must he specified.
From th is  f i gure- , t in t -  reqoi red f i xa t i o nv  frequency as a function of time can
be C i  lculatt -d .

2~ Signua l annupli t ude arid .mcce ’ptab li- t-rror of reading must be specified.

I rem I arid 2 the information rate for the display can be calculated.
F rom the information rate , thie- fixation duration can be calculated (on the
basis if I t ’ -  knuowni relation between information content and response- time).
Thu i m r m n i u n t - t  of f i  \at ion fre ’qinenc” ,- and durat ion of observationu ~, ields tine
time’ regui ne-il f inn o bu s e rv  I nq t i me ’ display c-xpr ’-ssed as seconds/second. The
t im t - s  fourud for n- mcim disp lay instrument can be sum me d to d i t - t  an index of
monitoring w o r klo a( I as total  seconds /second required overall in obse rving
i nstruments . If uncorrelated signal sources are assumed , transition
probiab i l i t iu-s  (e.g., probability of looking at display B after having
c bse- rve d disp lay A ) can be calculated and thus lead to guide-lines for
optimt iru instrument layout.

S i - n nm l n- rs  (46 ) tn -s te - t i  t inese - - not ions in a laboratory s i tuat ion by using four
n i x - I n n s  that w i- nt-  driven at d i f ferent  frequencies . He then comp ared predicted
fi xat j olt freqnienci i-s i)aSed on t Ime  disp I~m\ chnaracteri st i Cs wi t hi fixation
f r t - q u u t - r m c - i  u- s  u~, determined by mot ion pictures of t he n-~~ - posi t ionts of the
suhj t - e ’ t s . The- u q nn- t -m u - n mt  betwee n predict i on ar m d data  was qui t e good .
Suhiseq nie’nt ly, Carhonu -Il , Ward , and Senders (9) compared predictions w i t b u  data
from p i l v u t  ; f ly i n g  approa chm n- s to Lmndlrug in -u simulator. Instrument pickoffs
we -r e nn s u -d t ’ m es t a b i i s lm tim e frequency charact e r is t ics  of t u e  various instrument
displays arid eye-movement measures were used to cit-lu rmin n- fixation
freqnie nciu-s. T I v u - agreement lx~tweenu the values from the p redict ion procedures
(Il vq v ni s t model) pru-v lously used (49) and the data was 1n-asonah ly good ;
imow ever , m qtu i-ueing theory mode l gave subst antia lly better agreement.

Cit-m u- nut , Jt” x , and Crab-tam (17) describe the app lication of a “manua l
contro l— disp lay thieor~~’ to instrument landings of a “large subsonic jet
tranusport. ” this theory, n ie t .m l  led by McRuer and Jex (37) arid McRuer , Jex ,
Clu- mrw- r t l  , and Cra ham ( 3 ~), attempts to use hypothesiied ratios between
fixation frequencies :mrvd display bandwidt h s that are tailored to the

~ucrtnn u -y— uf— control requlremnw’nts for ttte particular display . Then , using a
proc -u- d ire ot itu - rw ise similar to that described by Senders (49), Clement et al.
( 17)  computed a fract ional scanning workload index for each display function
and summed th ese arithmeticall y to get a quantity that is equivalent to a
seconds/second scanning index. They showed that , as a design exercise , the
t ire-di n-It ’d scanning workload for a selected aircraft panel layout could be
reduced from 1. 32 (anything greater than 1.0 Is overload) to 1.01 by
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cn~nm~~i tm i n i n J  n u r I  t in  n b j , 1 m l . u ~~’ . - \ l t t o i n m t H - i n —  m n - m u l j c - t u - c I  I n n - s t  hi~~i m I u ~ - u r r t n qt - rm y —nut
r n - - n , ~ i l t  H i t  ui n i l  i~ tn b i v t v t n - n b ’ by a ma i n- a i r l i n e  fnmn I A \  ( u I v - ’ i nn ~ II

v - u - i t i fi~ i t  m mii , n-n ’ np i mi u l  ~~u l  j v I~~l i m u n i s  cmf  5 m m  I m w  m in i f j x a t  f o r  t i m i r y l  I t n n n s  - u ru-
n i l  ~) r n - — ,u- m I m I . T r y  _ u s i l b n — t - m i v i m - n m t  s t u b — ~‘ — I  r— , i uvn i  I— I - I n  ( 5 ? 4 )  i n t l  I - I  y - v $  m~ . t t  , bt ~

using a ‘ ‘ f l C— -’ ’ f l i m j t t  c i m t n l u I n- ; u i u m - ~~- , t I n - i t  n - i l ls  I n I v  u r n -  n mf ~ v - i ’  l i m e - s
ms t - i — u c t t nn pur -  ml m j t t  pr v i u t t i ’ , I i r m n i j n i m i s  i % j I i  v i i  r u t ?  m t u n i - j r y u u j l , I - n s  n- i l i u m - n  t i m , mr t
w i t t y  l t l u - i v r ’ I t m - t i  ur ~ ’c i j n I  i o ns l u - u - b r un  c 1 I~~i u i m ~ ; n t f I n ’ u I  I - . I i n $ 1 , - r - m b i ~~m m n ~~s in , ry
mm f I l ls  u n n a l ~ l ic -  tp pn um - l m u m  I t  ~- n i ~~i i n n  \I i m - t u , ( 1 , - n w - ? . n u t  I’ ~ ( I i .

T Ime a r m ,  I ~ t i c -  ~uppr i I I t  ~ m I - i t t  i n - ii n- l m u n ~ pt I - - - c iu rm s I c i e r u t m  I e
n u u m m ~~l m - i b qn -  a t not ut  f l u -  - m n i m t n - r i s t i m -  m v t  t i nu  l u t i c i i m n t  f m i r v c - I  I v m n t s  of l I t  v unionis

j r v s t r nj r n ) t —nm t s  a r m d v i i s p 1 t ~~- . i3ui l  , oH v - n- - nm - h i n t n t n m a t i y n  is  - m v u i l ~uhu lun , f in n-
InK t luodo 1 nnm ~ n b c - m n -  I mmp u-c l  Ic i  el,jt u - I vv ~ 

- - p n ~rrr ‘ u  - , - ~~ - u i  a l l  ~ i n u app Ii cati  e ns  to
niu —w , m l t - s i m i n t — s t u m i n -  sm s I n - m s . H o w m - m u - r , smnt t st u I  j u l  n - f f o r t  in , l i n t -  inmp i nical
y t I iuiat lou m m f  l i i i -  p m nn n - n - n h m nru - s  i ;I i l l  t t t - ’ - t b n - t h  m i d  w unr mrt t -d ,

~ S~~t t t h m e t i c -  1 - In - t bn od ,  VntmuI is b e i ng  r - m - f - r m n - n i  t o  I vu m n- as t ime synthetic
m u - t i v u i m i  nniq h i t  n - g t n u l  I’, o u l  I bi t -  n - n l l n - e i  m con~n i n t n t o n i a l n ix - t lvoc i . T i me point of
n l ’ - p - u r t  m m -  of t i t is  nw-I  i m imh is a I - i ~~ urt al ys is  of t I m e  s y s t e m ;  t h u  proposed
m i s - i  o rm cur n m 1 t e n i t  i t i g  p r v f  I le I’  b mm n m k - n i  ( l m m ~ r n m u te S(’(Itliettts on pbv a sc- s t h a t  are
rn- 1 , u t i v u - l ~ i t i n ? r r m n n i n - n t i - n i ? l 5  w i t h  n m - b v I  l v i  I I n -  w u v  t h y -  5 ’ S I r - r T i  is u- -m pe c t u - c i  t t i

rate . 1 ~ m u m ~b u s mj e i m ml Si  cmi pb t isu - , thu  n- spu n’ i fi c - p(- nfnunm ur lc (- demands
p l , m t - e - m i m i n t  I m u - um ~n t - r — t t  i n n  un - u-  i y h u - n i ?  I f i ’ - n h  t l m m n i m n n j h m t un ,k a r t u l ~ s i s  p n c ) c t— cl u m r e s .  bruce
I n t clivid mi, u l t , i , L~ , mnmei - m i t u t i s t - ~~ l n i ~~ - t i - c m  i s m m l - u t n n h , pr- e m ioos k a v - u i l a b l c

• .~~. , ‘ I v  l rmn l ~ - r , Smi t i n , m i m i ni  4n ) in- ,ud m n - d~~l a - t n t  - coml) I led on tIne
p u - r t t u r - n n n u n m c - u -  o f I b i t -  I u~~k~ u~i I t  t o t  lv pcn f mir m~unce t ime s arnd operator
r e - l i  u l l  l i t  i t - - , i n u - i m i m j  I m b - t i m  I n t l  m~ i n i u v m n n i l  . T tm t-  i n u f c u r m a t i v n r v  oni perfo nmanm cen t i m e s
j 5  t h u - i t  ui m i t n i n i i l , ) t u (i f un a g i v u - I n  ry is s i on i  1iIy, isn- i? tb  t h i n -  r u - s m i l t a n u t  sum is
n )rn-np ur~- t i  w i t  u tint- p r e - c t i i - I ’ - m f  n i n u - m t  ion t  c v f  t Im e  b u I l t - . I b m -  corniuarisoni vtf tbve ’se
two qu m anu t i t  i ’ - ~ — — t  m ix -  r-u - qui i rec i  l i v  v y n f rirni v t - i - v m s  t i n t , - n y u  1 d m  i t — — n - a r t  be used
to m , - I l , -u mn j r v v i u x  n uf  w ink l u - u n , -‘\ b  I h m m n n m j b n y l  b i t - i -  f i t - I ors n-arm m u -  inc luded in
th is s > n t l b i n - - i i i n u g  p r m u v - i - s s , I lin e is typ i m u l I~ t ime pnim,mr’, y u r i a i > I i -  c innnsid e-red .

U r y t -  n - xum p l i -  of I l i l -, approat - Im is t h i n  Ccick p i t  I v u l u a t  m i nt arid Desi gn
-\ m u , u Iv  i s  Sm, ,t n- ni i  mk- ~ t nil)u’d iuy f ir- u iwm m , St m v r m n - , antu l  i’n- , m r - i -  (“ 1.  Brown eI ml .
t i t - f i n t u -  w m t r k l t i ud m s I i i  lows: ‘‘I I igiut  n - n - n w u~v t r - k l u u , u n l  IS  t t m ( -  isut lo of the
sm inmymna t i mi n i of i v m u m i  r n - t i  m - r - n- u~— t - q e i iprnx’rut punn form . uutc - u- t Inx t o  t t u - t i m e -  avai lable
~ i t t j n  t i n -  ( - o r y s t r a i r u t s  m n ’ c j v i l u t th bv ~ a q i v n - m n  f i  j u l I m I  or min, i c m n u . Their desi gn
drid ‘ ‘a im , s i s  s~ s t t - m  is co mpt it t nn i  i n-e l  ann ul is o rganmi ieel in n  s y n c h a w m ~ tluat
v lu - t aj  i t’d inuf or mat i o nu - i n  hi- i nmm - Inu lu ’ d  ru- ganui int q ni’qt ii i- n-n i I l int s , avai lab le
l imes , iH~mn, of equi pniw- ru t I n n v m n l  vu -u i , anun l f I iq b tt  p h u ~m n ~ u-s m- , w ’ Ii as tine design
pe ’ rso ;tr tu - l n-( - sp n ) nu s j i m  I c -  for th in van nmun s ( nq un ip n nu -nut - ani(l -,v i t i~~ s t u n m i s .

I l lqit t  phases ,mr u’ further bnokn - nt  t h t v m ~r m i t ~ j i l t -nu t  I f ics mt Ion n)f what th ey cal l
milestones , a ml l u - s t  c u r i e -  but- m ug ~ n- It u n m c i n -  in hu’ ,udinu q ,  ui i- sp i-e d , a l t i t ude, etc .
Preliminary allocatio ns of duit lens and a( ’t i ~ It I iuase (l on opt’ rat i rig
techruique s of n -  xpc’rt pilots until opt-rat log 1 mrmu t- t - ttt n : u - -  for s imi I .mr a i rcraf t .
F or purposes of work load pnt -n i i c I i out for u t J i v u-n t  s n-e l f lw ’ ,ut , I ivu - compu t e r output
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is t -x pressee l  i n n  I l v -  f r i r m  it I t m - n c f r t t  t m i u — i y t  — . c u p uc i Iv  f iqn mnun s for t - a t bu task
u - i  t ’m i- nrt t a cit cnn -u ~ nw - r nt u u-r I - , I o per  ft trrui . 1 m m  I I  - i s w m v  cr1 1 i cal pt- n ods j u t  a
m i s s i t u r m  pi n . n n ~u - c an t  lit- i t l u - r t t i  f i e - r i  u n mi po~ s i h I t -  n - u v u - r u - n - t  lye measures eval , ja tenl .
I hun - pr- i man s punpt Se vv f  I I ,  - v i m - -  l i l ly  an~m I ~ - - i s -  - \  S t  00 ‘‘ . . , I 5 1 m m  Ii rovi t i n -  n i t  ta
for use in c-omp u r a t i v t -  c y t l t n u t i m u r i  nn f  m i t  v - r n u u t  l vi  n w  s t u n  ion v les i qns. ’’ I ts
major v - , lnj es ire- ti e- e ast-  w i t  it w i  i ci t s v s l  u-nm (- I u r v c t t - s  r un t  b i t -  n v a l n u a l. n - c l . As
Ur uw rt u- I u t .  st  u l u - :  “ \ n n y  w u rk I m y m i  n u - u l m n y - t  j m n n n  mui st . hi- m - v m i u a  t e c h  in te rms  of
l i n t -  m e r i t  n - x l  w i t h i n  wb t j c ’ i v  I Ij ’ , i t e m - n t i s  u nt i l  i t  t m -ms s u - n m s e l t - s s  t v )  m e n - -u s e - cost
i~ aut omu Ii rig i t n - u t  tint - I l - u t  - - n m t - s  m i n k  u t  n t - i  rug I u mw wi-irk load h u n - n i  ods only.”

I I u n u -  art- m nu u ii - r - ul v u-r t i  c n t  h i  r i n - I  u n i y t - s  (vi I t ,  appi Ic u t  ion of t h e
5 y n t l b u n - t  Ic nw - I tu o t lo lu nu . I t t  t b y i  u n o h l u m s  of w ur - L l o u d  t r u - dj ( - l  ion. Although the
ba s i c  a p p r v t m n - h i u - s  are sim I 1-ir , Ho -ru-  ann- nu l K c m l  m m m l l u l  I~ import unit
d i f f e ’ re - r i v - ’ - s  in, bt-I m i l .  Ion -~~ t nnnpl ’ - , K i m - i t t  anm c b C i s s i m i r , ( 12) d e sc-n i h n-  ant
~mpprti~ui- i i  to  u - s t  ima t m c i  w ( unk ru -q t u i r t - t n e n u t  s in w h i  civ , mppart- mn b ly ,  urn ave-rage
requ i m d  pe- r for m~m n n n - n -  Ii me is I s n - n b  t ci r m - f leet  t im e n-on t nibtition of each task
l i v  t l v . -  I nil n i  work re - gv i i  n n - r w -nmt  s , m i t  I l v i -  sum of t t v n s t ’  t i n c — s  can ex c i- -d the
time- a~~ u i l a i m l u -  m i nd l I m t ~ l u - , mn l I t >  b i t t ’  not i v ~m u of t i m e  s t r e s s .  T tne i n general
proc i -c it u n n-  for m n v u I, / rig t i n -  m is. j y m i  n m - n v n j n e - n w - n v  I s is has i c,u 1 ly as cle -s cn ihed
m b t t t v u - . ~

— I ’ m  arun i i ,- ,— , i n b ~ u lso p nj nv t  i u m n t  I b m t  m y t - t - d  l v i  r - n -m nmt r v i / t  I b u n
noniadehit  i v it \  o f  w r ~ It t ud i - i t - m i n t - n u t ’ . Ilt is n u t u m n i t i m b l  t i v - i t v  w as  i n m v n - s t i q a t e d  by
i v u  l i _ mt  m u g  - u t n - i  i r m i j  I u~~- W i y , - t  ; u e - r f v m n m n mh i n n  (- n vrv n n m n u - t  ioni w i t bu  i discrete
t ask ;  I t t - ~ c u i r t i  i t u c l u - v i :  ‘‘V u n i r - k  l v m u m t m - Iu - r nm e , n I  s do r u v y t  inif t- nI nce in a d i rn- c t l y
addi t I v u -  I ,isii ion .’

‘A i n v i ’ - n  I 5k ) p l u m . - . ( m i n i s  I i h v - r , u i m i e -  emp hasis out t imu r  f u m I I hi nt  t h u
p - r  form a nnn - n- n t  1w m u  I u k  in ce mb i r n u t  i cnn of t n - n m  re-pre’scn I s a work load t lta t is
le-,s f l int t i n t -  sum, il t i . -  I r u m i l  v i d im a l  w n) rk le ) ad s ,  lie used a model f l it took
accoun t of I t t -  rv , m t m rn -  iii I bu m task input (v - i sei~a I , audi tory , or k i rue - s  thetic

t n m d t iu n- I - k out pult (mcI n r  , y v y t m i  , m r  u m n a t u -  reg vn i  r i d ).  14, I_ In e rt prepared an
“ intenl mci I ab i t - ” f u r  di f f e re - n t  n u m b  it na t i imn i~ ( t f  two  tasks w i t i m  tine various
possi I) Ic cmu nr-I i i n y u  t i min t s  if i nnp mi t arid omi t  put modes. Tbmn ’  a n t  u,u l values used in
t h u  table t i i - t n - m n d n - v i  on u t v m  }~~s t - s  of l i v - su - m n t n m i ntq rm- qu iineme n t.s, informat I v i n y —

process i n ug—t i rw - p r e d i c t i m m m m s  , ,j;ud t b m i -  se- I  c if  sninrmation ru les a s sume d to apply
to pa rt ic uJl  an pa irs of inputs mci i t t  mt pui ts  - A speci f i r  Set  c if tasks was

va luatu-n i by t isinuq a fi x m - d — h a - .,e b i t - I l  copter s imum later , mind ‘‘ inter I ace 
- -

r o u - f f l i i u - n n t s” w i - r i -  c l i - t erm iru en d . T i uu- r n - - m i l l  t o t  n- c i i - f f i e ’ienits are m use d , In the
s imple t - u su ’  , us fo l lows:

Total work load = WI (1) + W I (2 ) 1 ~ W L (2 )

w b vt - re  I = t iu t -  interlace coef f i  c I n - i t t

Wi nqert  discu jssn- tine contem pt of I n i t u r r i a c -  I rig in the ( ‘ ( uni t  u - x t  of paral le l
v - r s i m s  serial proe-e ’ s sinq of lit format ion , ,n n ue i, in c i n rmn- r a l  , t bit ’ amount of
m l  t-rldcinq e xpected depends on I bun’ -xt i-n t to wit ln ’ bv par~ml liii processing is
p055 ib )Iu .
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t iv is  riot ion of innter lac ing cart diSo he- v iew e d f rom I b e  simpler I ime—
shar ing f rame of re f i-re nuce . Tiue hiq itl~ ski I lu-el  operat or has typi c - u i  ] y
“automated” man y as pee’ts of b u s  comp lex task in m way s m uci t  that many of t h e -
n- lenw -nits require l i t t l e -  if any information processing (c i ta n r t - 1 c ipac i  t~ ) for
satisfactory erxecution of th in -  requiire-d he’btaviors .  Consider a t w o — d i m e n m s i o n t u l
t racking task as represented by time inmstrument landing system ( ILS) disp l u ~~.
s sunnw - t b n m t  t ine-  p i lot , on approaching the o u it t - m marker , ob serve- s t i uat  b n e is

si i q t m t lv  (bu t  u rudesi rably below glide slope . Throuq im long experience , i n n -
is ab in- te i  apply an appropriate adjustment tiiat will bri ng the aircraft
smooth h to t Ime -  g lide slope . He does not therm s i t  and watc i m f l i t -  r t e e ’ u h l e
slowh drop~ He turns his attelttion to other disp lays (e.g., airspeed) and
km nu mis S approximatel y when to return his attention to th€- ILS display.
Simi lam k , once he has the ILS needles centered and h as established a prope-r
nat ,- of descent , only under very adverse- conditions of w i n d  and buffeting
wil l  he have to give the ILS display his undivided attention . In other
words , m ow often he’ mus t look at a display to i nsure satisfactory performance
depends on the “forcing function ” acting on that display and t h i n -  criticality
of t b u t -  task in terms of permissible error rates and amplitudes (cf. Senders ,
Lp)) ,  To consider another kind of behavior , the neophy t e  automobi le  driver
muist give most of im is attention to time steering task of “keepinig time car orm
t h u  road. ” For time expert dr ive-r , steering is conmcerned w i th  avoidirmq rough
spo ts , mainta ining safe separations from onncomintg t r a f f ic , n- Ic .; keeping the
c - u n  on the road tmas been automated . And if we - look far enough we may run
ac ross  an nn ld t  ime t i- leqrapbm operator who cant  se-nd or re - c i - i v e -  a message whi le
s imnul I anneous l~ t i - i h u g  us about the good 01(1 clays.

However , we should keep in mind that , at least at thi n - p r e s e n t  s t a I n - -of-
ti e—a rt , cauit lon is ml oreler in assuming too muctt i ru te - r ia c ing .  Such ski I Is
0m~~ be highl y vulnerable to stress and other suelt factors ( 13) .  fl y w i ~ of
arua logy , ~t- do not want an aircraft designed to just w it imstand tine maximum
n- s pe-c ted  g and gus t loads .

. Simulation tie-thods.

A . Fidelity. Webster ( 5 3 )  c it-f ines a simulator as “one t huat s imulates ,
spec i f: a device in a laboratory t inat enua hles t i n t -  operator to reproduce
under test conditions phenomena like- ly to occur m u  actual pe-rformancc .” If
we Inte rpre t t h e  word “pbienomena ” to mean “system—operat  ing characteristics ,”
liver, li nt- dI~-t I onary dc-fin i ti on certainly states tine intent of time nhi -s iqnem
of the simulator. Chapanis (10) considers a simulation to he a kind of model
and pre fers to define models as simply being analogies of some particular
part of t in t -  real world that is of inti-rest to the model maker . Chapanis
maku-s a good case for this usage , and an Import anut value in thinmki ni q of a
simulation as being an analogy is that we are- all aware that analogies tend
to come apart when they are push ed too hard or are examined too closely.
W hui- nn we ta lk about fide lity of s imu lu t innnv , we , m r - n - t itus talkirug about “how
hard we can push” before the ana logy breaks down.
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I l v i  m u f fj  n _ tn II j v~ m nn n omn n m I m r m d  In ,ic hm i v  v- i rug n m  - m m - m t  - ii ni t—l i  ty inn a
- i r ~m v t  I - i l  n- u rn -  prinnanily a fm .n n u m t i n u n u  cif t h i n -  t~~r vusi - he r  wh u i ch i  t h i n -  s i m n j l a r m m r  is
I ut mc c i. T h y t i s , for some m n n r p o : t - s , t i c i m m b  n- u i  ~ I i c - k m m m i - u c h i ~~in I nv w i l t  tn
Ippr opri at e  j i m  I m - j  face provide- adequal m- lu ve Is of f l y b y - l i t  ~ . -\s Flop k iris (?‘~

I - m~; - - i Id . I ii, - ki n n u s  (if t in  111(15 that  art- nn u -m - t ic  - vi y, nu a si mul t I  or dept- rid Ott
( 1 )  ~ m t  n r  v n n i tosn - in usincj  it , anci (2 ) our me t i m  t u b  mif is i n  uj II . . . . C ost

v - h I m - - I j \ n - l i u - 5 ’ , b t ~~s not I nn-n -n  n l e - m o r t s f r a t c - m b  f vm r  m l !  I b m i  l ie- I  Is u n mni w h i s t  lu-s f l i t
u ~ t t m n n i u i e i  t r immi ngs  mint v u n i r  c m i m n m - n m l  f liq b m f  I ra ining s i m u m l u t o r s . ”

It . \ - - m n n i n j n t  i u u n y s . T he, basic u ’ - .,m nnrm 1it i o n  u n nnhu - n i ~ ing I b m -  ‘ i s , -  of , i r n u i l a t lo n n
1 m m  ~ ir t m n u i  I\ u n i \  c o n u t t - \ I  i s  t i t it I i n  thu - v - i cc r u - l mrn -s u - nm t . s  tu )  1 s n t I s f t n h v u r \
i h i - n i r m - m -  I bcm ~ u e lements of I b m , -  s~ s im-m b n u- inq  slmuj i it t - -d I b m m t  are i v -m h mtvr l j u t  anni
rn l , - v - , u n u t  t m u  I I n -  purposes of th(- en te - rp mise  m e - m ug o n t c h i - rt ikt ni . Mont-
spe- c i  t i  cal I~ , in usinmg a simulator to study pilot w m n ~ l o u d, it i s  iss u i nw- d
I b ut :

1 • Th ose factors lit the real system that ire -  re l u - v  - m m m l  dod importan ut  tnn
I iii u ip t -na to r  functions be ing evaluateni  m r ’ t i r e - s t - n u t  .

2. T inose aspects of the simulation t i m i I  d i f f e r  from l i m e -  rn-al system will
n u t  in troduce important disturbances in t i n t -  measures itn - i nq  t mkm- r .

1. I t u - b i a v i  o ra l  n -f f i - c t s  of t ask main ipu l i t  ions u - ann he- i so l at i— t i from
simulator v n ~ic n m t i n q  characterisl.  i u-s as somnrcu - s n)I . i c i  - u n m u n - .

4. The performance t - f f e - c t s  of t l v e  v uni unm les  I n n- i  1m g m ,m r uip m tlat enl in time
s i mu l i t  i c m n m  do riot i mportar u t I y differ from t hum - t i  f m - u - I  s t mat  w o u n  Id vuv em nr m m  the
re-al system.

f -Inns I of itt-  w turk thi at itas focused on t h ue n v - u i  u n i t  ~ oim m l  l b  mm - list- fu 1 nmess of
simulators iu~js lie n-ni d onut- in li- me contex t  of t h i n -  s ubs t I t ot  ion v m f  simulator
tr a ining or e-xperi encir for actu -ml fli ght I r u i n in g  v v r  i-~ pt -n i  u - n i t - i - , and even in
thu ls are-u mu n n \ questions regarding training s im u la t n m rs  m i \ u -  b i t t - n  at best onl y
partiall y u n m s w e - n u - c i . (A special issue of 1-kuma n I un - I  t in’ ( l )u~ I , No. () was
dtv i (e-d to titis problem urea.)

hJnfor tunnate ly ,  marty of time investi gations ( h it have- lookt-d at workload
anud o t b n n - r  desi gru questions using simulation ht ~~v u- bet-ri r e po m tn-nb  j i m pr ivate
conn~)arty or laboratory i nternia 1 publications or not mt al l. T b muis , t h i n -  open
ii t i- na t  t in t -  is v i r tua l ly  eievoid of we hl —d o c m mmu -nr le- e l  s tud ies  in w i u j  cIt
simulation —— In fI t’ ordinary mea nin iq of thi ut I u - r u u t — — w ts ruse- ti t nu investi qate
wo rkload ; i. u- ., w~mere measures were taken from I b m u -  s i m u l a t o r  t o  provide
indices of the performance ef fects  of worklo ad vari ut ion s as produced by
r iuanu qi-s in time- simulator tasks.

C. A Flig ht Simu lator I xamp le. Corkindale (20 ) reported - u study of
missile r-ontrol performance as a function of concurren t workload using a
fixed— ba si- flight simulator. Tine study included line f o l l ow i im u j  work loa d
conditlc,us:
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I-ti s i l t -  n n t n u ‘ i i i  I - u k  - - ont l ~ — ( I s  n m — m i  i il m m t u 5 I t a u t  i I ~~v ~ i rug ‘ u s inte ’  a J u i ~
I i  ~5 ! I I u  t b ~ , -  I II m m l i  n i l  - m T \  m ! i s i u l t v .)

2 . ~ in n u n 1 n 1 m u r -  I~ y n m m i u I  com m r o t  u i s i t u v j  u I b m - t u b _ n I p I i ’ j i b t \  (HIID) - ( T w o —
eli n m m  - - - cu r t I t r - t i -k I nt q ~ I ~i v i - , i m  - m u  I m u  l u n m m n , .

I . ‘ l issi l~ - cCit t 1 1  p it i s h i ll ) m m t u m t u l  coru t ‘ m l .  ( lo u , inmd -pu- nm n ie nt f , m wo~
(ij u i u - r i s l v v m n i I I r m v l- i r t n j  I t ’- k ~~— — m n c i t -  us f l u  id , i i m ( 1  amm d u n r u c -  us j i l t  ni i jb m i lv un td . \ l

‘ - n m n i  ol I I  rst t m m  s u - n - v m m m n i — , t t m n -  !\ c u r n i m -  m y nu  m m d  f l u -  s t i l t  j t - c i  ~s y m y I n - n i  I c u r
i: n l n u u n u n  n - e l f  t u n m n u - t

l b si 1 ’ - t -or m l  n - i ll l u ;  L () It is 11 111 ) nu tmnm i t  nur j i m  m~ . ( us m u — cl I me—nus liii m i  I n— m m  ~ I niq
of m i - s i  lu  p Int s  o t m u m i l u m n i n g  ml  lIlt) f u r ’  mum i u i f r e - q t n m - i m l  l~ p n c - - t - m u t u - v b  _ i qnn l  tha t
s t u n  j u n - I  r - s I m n u i m - m l  t 0  it\ p r m - - ’ i m i c n  u i n t i t  I u m m i  out I lie- e’ onmt ncu l  co l iu nru rm .

i m m r t i r m ~m n mc - ,- um h h u e  m iss i  it  m m m l  ii r n - m i ll  u - t in t m u m !  h usk s was  mu- , n s m i m n - v I  lm ~
r n-u ’o r n i l ( i m b  I n I m - o n u t e n t  m - r r v u r  i n  t - u n ~l m~~i~; l - mr c am -b t n u c k i u m q  I m- ;~ - In addi I j o r m ,
y i n - l u - v t l y n n ,  I I n’-  f i r  I I t  f\  I _ i l  i 1 v - f  was nnm t- n s m n r - d . ( ) m u m m -  1 1 m m -  T \  targe t was

m w  l u - m b y t e - t i  a n d  h u t -  m - t — u m ’; ; b m i rs h aul - u j m m m t - i r t - m b , I h m u -  niissi In -  I n u n - k i r m g  t a s k
l u s t  n -u i j m j 5 u  I~ l s m - i - m m u m m b - ;  t I m -  h u t )  a i r ra f t  v - u u u u I  ruu l  f isk , ~ l m m - u m  prc- sentt , la s t  e d
fv , r  u l n pr - l u \ in im a l u - l \  I m ir u u l m- s  IN s m - - u m u i u h - ; b b , c -  missi lu coru t r u m !  task  a lus n\ s  f e - I  I
inn I u - Sm- m m a d  l i i i  f of t h u t  I n s t  I r id I

\lI b y n m u n , , -  iii I i i , -  r m m - m m n r m - s e - v u l m i u l c - u i  us t -n - m - s i o u m i t i c n r n t  I v  a f f - c t -ni h’,
w m r ~ I nt ’ l; n n - ~nr i s i ng I~ , h m t u n i i o r v l m l  y - r r m ’ n  m u  I i - i t t i u m q  1 1 m m -  T \  nh isp l u ~ I t r — q u - I  us -is
n u t  s u - u m s i l  I ‘,- t  to  t b m m St t 5 i i l  b i d  v t z - Ia t i On u s .  \ r u t  i m u c conclus ion n lraw nn in~

u u r k i u u m h u l n -  (20 ) u s - u ’ l b  i l h i s  f i n i d i m m t i - -n f i t  u s m i l  w i t h  tine u-,nu n - k f l it Hol fe ( L i ’)
r m - v t ’ - u s u - d  u nuni l i t  t - r p n n - t u - n i  I~~m i n m n l i c s i t m -  t h a t  ~ u - n u u m m m b y r~ I u s k~ l~~i m i c 1 I  1~ t nnm nb nmu -u-

u i n - q n i m l n I  j n m n u  v f  th n- p u-n f no — r - m t u u v ’ -  o f I u- p n i m m r ~ l i - b -  i v u  - l i i  I ~
- ml  i nus l  nvu c t  ion s to

ma I n t l  d i n t  I i v i ui gl u es I l m - v m -  1 if p m - n b or rm n r m - y -  on t Iv ~~t t n - k . II us oti 1 (1 itt-
int - r t - s l l n g  t o  ~ nvmis us t u t  s u m t of u n - u - m b j n - I j n i r u  I f a -  u n u t l y l ic m u - l i m u m n l  of n s t m m a t i r m q

u s u u r ~ l uu - m t i ( n - .q. , ‘) n - u u n iu- ns , Li~’) w u m m m i n i  m i k e  - is n v - g a n d s  t i m m I u-;k e ’om hinuat ions used.
Cork i nda i n-  c iU-s  u - v i i l u - i m y - , -  t h u i l  t h u  Sub In n - I - _ S p u - i n t  a siq nuif ic a n u l l~ smalle’-
pen - n - u t t u t u -  of t I n -  I imi- i m u nuk  m u g  mt l i v , -  hh1 J I ~ wi mu ’ ri I b m n - r~ was on ( 2 ’ . 1 pert-u-nt
li ii, w h u u - r m  b b u ~ l~ s — u s tiff (; D . I v t - r u - v - u t n ,- vm m m  I b m u t u m n t l, I m y 111 11) us, us I b ~,- p r i m m r ~

6 m m n I t  •n-  - i i f m - u -  elback l v i  l I t  - s i l t  j n - v  I as Ii, i v ow w u-  11 l v i -  us us e m  nun I m l  II nm q t lv i’
a ! rm r , u f l  T h e r e  fo rm- , n u um d u s v m t n  I n I  tue f e - m i t t  c - u i  t o  s p u -c nila tt - t h~~t the  anaI~ I Ic
mel im o u l  wou ld  pr -d i  u t  t b m u t  u p 1 l u n I  n- m n m n i n v t  t i ( u m m m l i v  m l  I i -  t asks u-,i t i u m i m i l  it m ist
SuMYle (1(’qr an1~-it f ont ~ l per fin rmanir n- on hint b y • m, % b m,t  t , I i t t t i  shou 1(1 W( e ~~nu-c I the

i~nl lot to do w h i r  us ’- ask im i m t o  I rv 1 m m  do h t u t h m  I as ks s im uu l  I u l m m ’ n u m n s l \ ?  Assuming
I ln u f  Ih u t -  p 1 l m m f s  m n s n - n i  in ,  such u s t  m i n h ~ wi - rn- miss ionm o n- ien ln ’ nh , t bn i~n I b u c i r
approaebt I vu l i i i -  ~~i I m n u I  i uo t  miq iut very w e l l  h it ’  us f u v l  l ows:

° J i u i s  Is - t n t  n - x n - r  u j - ; , -  m u  us h ,  rim I am m - x 1 t , - n t n - n i  I t t  h i t  ,i I urt i n I w i t h  t r y
a l r — t o — s t n r  f~u n - t -  n j mn i v i n y l  w u - u h u m u m i . I h i u v u -  t o  y m m u m l  rmn l  b l u e  m iss I i i -  and fl y
b i t t -  al rp larte . 1 i —nm ow t h a t  I n - u m u t u n m l  fl ~ as wi Ii w h m l i e -  n - m u t t  ro l l  log the
miss i l e  u ’ I c , nmn w i u i  Iu- I urn n v n n t  . So , I w i l l  I n~ my t m u - s t  t o  h i l t  the
I -u mc l i- I and us I II coins i cl e-r t b m m  - miss i on - s u J ( d C  ss I f I st-cure a ii I t  m u d
do n u v u l  c ras t ,  . ‘‘
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It cou ld m u -  t n a u i m - n i t i m m t  m.mum ’, m ili t t n ,  h n i l m u l  - , w u t u n i n i  f nu l l cnw t h u j s  l i i,’-  oh
n- ’ - -msonn i t u g urn 1 n-sn II,, - \  w v - n - - to I ci that f i l m  \ muis I ma i n , I a in mm d  i mi nui sited
m m , i - I u ’ u l  if I b m , -  m l  r n - r a f t  n- v -n-u i i f  t I m - v  u i - v -n -n  h m l  I - m r m ~ la n g e- Is .  And w i t h

‘ l , I n - m i u  - I i einms u vf I iv a 1 s y t r -  I , j I  m i m i h I b u t  - di f f 1  cii I t  I n n  m u i r  i t  m i n t  c j tm o d I n - v t -  Is nf
s u b  j u - i - I  rno t i v u l  ion I t t  pn’nform t h i n -  t us k .

A ssuming t h a t  C v i r k i n m n h a l n - ’ s ~tn bm k - n t ’  we re  ab le  t o  b u u c m d l e  t l , - ii r c r u f t
c o n t n m v l  t m - k  m u  a m a r u m t - n  I t i u l  Sr i I is f i n - n l  t imn - n n w iv e - m u  li ii w i n  H u t - i n  o r m i ’. I , m s k ,
w b t , t t v l o t - s  - i (si o u u i  f i n - mm m l  ) el o m n in Ii u m n j  mm f l b  m n u - n  nor sc m I t - S  W I t  in ( i a  mudnh i i i o n ,  of
H i m  l’~ I c - k n y u - u .> Did I i m t  p i l m i l s  I l m j n v k  f I n , - ’  w i - n - u -  c n u n m t r o l l i r t g  t Ine u rn- r i ft in

u n ,  m m i lit m i m I c  m u m m e r  in t h u  t w o — t a s k  c n n r u d i t i u u u m ?  ~) v t - t i m e - r  I t m ’ . did or ‘ ‘il
w h i t  w i ~ t b m , - i r - n i  b m r l o n t . Did u r n s  of I b m n - m  m v-t n ‘‘ u - n - i sbn ’’ .’ V ’ It  l oot sonnw - sort
I i b m n u l m n m 

~
- 

~- rr,~~- u ’ni t n n i n n n m , I 1 m m- i n t e - r p r n - l  u t  m int cuf t h e -  ru - su i t s  in t h i s  kind
I t  S I m i n f \  (or ai~ sj mnj l u t m y r  s t m n u b ~ ) is very dl f f ic u , lt  • ~, c-  m n - i-  on n o m e - w i n - u t
Ii rnn~-r qn u , m n nmn b i f  h ue- pv n np o sn -  ui a s I unv i n  iS b u n  t - u n m u m p u n e  t h m  wnirklo,u d prop ent i n s
m u i ~ fcir u - x m m i n l u - , t u s n i  u i t m - r m m i b  iv , wj,s if disp l u ’,-inq 1 1 m m -  samt- irt fonma h i n y n u . If
f l i t - r n -  is - u subsh t i m l  i - i l  and s t a t i s t  i c u l l \  s i g n m i f i n - i m mt  advant  -n q ’ -  nuf a nt e
at t , -rn~nl l~~t - , l i t - u i  n-os h — -v t - r- - u i - ; — m - f f e n - t i v - e - n i e - s s  n u m u  l v  s m - s u uum bit- m ade- . fk~t ‘ - v t-u
inn t h i s  simp l t -’l-- c u s n - , t h u  a hs u- n c i- m y t’ a b s o l u t e -  n- r i  t n - r i d  c r t - m t i s  proiulems ; t o n
m-x am p l m -  , wh it prn)cu ’dutne cant  h i -  os eni 1 m m  e s t ab l i sh  wima l j mm subsl u n i t  i al

uul ~~ i n m b im ~ is  i rm r u - l a t  ion I n n  ‘‘ r n - u i  wor ld ’ ’  r n - l i m i T  re-merit s ’. In n it 1 m m - n -  words , us,-
mus l u m u > I  t n m n i j m I Il il in mul u m u \  impctr t m n l r e s b v m - n - I  s a simm ul u t i o ru  is nyu-re ly ann
aria log u v f  S ome u s t i t - e t  o f  I t n t -  ru-i l won- m l .

N. A S1 n i c n- S imula tor  I s imp l e - .  Co t t u - r m m n i  t u t u - i V , m t m n u f  (2 1 )  a t  I m mlib ed a direct
t ri— u l u ’ lu - muI mnf  1 1 m m -  p r u t b n l i - m  nuf  c r i t e r i a  in ,u s m m n i la l  j o lt  n- o n n t m - s I  m m  a s t u t i~ ml
t i v u  r u - l u - n i l  i n u n v  cml  p i lot ski  lls associ u f t - n l  w i t h  a i mu ntan  ldrnding miss ion . f lv I~
, t m ~~i~ j r u v n u l v u - c l  a inn! I mj ss i o ny  s i mmj la l  ion at l I m e -  U l a r t i n n — M . u r i m - b  I u  I ni m’ p v t n a l  i n n n n
as t i nt  of t h u  I I V u \  s t u u n - u -  prog ram. The s uhj ev- I  - in  I h i s  s tudy u s t - ne - 1?

u u - vumnp m n - - r n - s n - a n n - b ,  p 1 1 t n t  s who h,ud par t i n - i  t v u t e - n I  p rev iousl y in a Hum ,mnm
He l l  iii i 1 i Iv  Prnuqram ~ t mm dv c - u t u u u iv ~~- b i - t i  w i t h  f i n  is si muil it  L o r t  sys I n-rn . T b ,, -
S t u n - c l f i c  n j n u u l  of t h u t -  ~~t v n n t ~ re- port e-uI b u ~ ( n i t  H-mm~m r u  and ~u nnu m c i w i n  l i n t -  ‘-va l ‘ n u t  i ou
mm U f l i t  ni-I u - u m l  i c m v  u m f s k i l l  a f t - i-n rn 1 at  lvi- ly 1 onuq pt- ri onis ( 1  1 weeks)  of nl I suse
Tim ’ -  I m u l  ui  st um n l y t ’ m m n t y - o n n i n - u i  n u i n m i -  s u— pan u t  m - m iss ion ph us n - s , w i l l ,  from one’ t n t  four
pn- r t u r n m m u m c t  n-r i  t n - n a fcmn n- ut - in pim ~~se’ . I nu n p r e s e n t  purpos m-s , only o mmc- p im ms-

~ i II vu- di sn -v n s s u - t i ;  v j ’ , t ine ‘‘It raki- mu c h H v v v n r ’’ pi tasu - I m i v - o l v e d  in t im - In irt a r
lanni i n m nj .

I t t - a d of t n- n ug i min t - r i n g  u m m , u l v , s u - s  , p t - rm i s s i im l n-  u- rrn ur rat  m~~ bm ~~ni n m - n - m m  c s t ahm—
Ii h u n - t i  for  fm mir  m i n I  I y m n y  i ia r , unw-h n ’ rs  d u u r i n mg I b m , -  I l r ,uk u- arid (love r p h i e n- . T I mn -s e-

u s c - n c - : d i s p l a c n - c n m n - u n l  ( n u n  r u n m q t -  error) , 2(11) f i’u’t ; di- 1ml ace ,nenf ra te , 10 feet!
- i - cond; imp t c - t  n u t  n - 10 fe - u - I  / su cond ; p u - r m - m - n v l  un i t -  fue l consun’~— ei , - -i’) pt - n t - c — n t .
F s m u - u - m i i n u q  I i v u - s n -  v a l i u m - s  i v y  a l n p n t - v ial) li a mou tnu fs  w u n t i l m i  i n v i - u n i  unacceptable risk
of  m i s s i m u r m  f u i  l t i r u -

f l u i • i u n ,iI> I I ca l  lppn(u m e -i m mp i ul i n-ni it ~ Cot tenm mui ,m n rd ~ i mv t t i w a s  t o  mnsn t h y ,  dat u
onu I b u t -  l u l  I min i m -  I rnmi n i l  rug I m i n I s  for ,- u n b u pilot I n u  u - s t  t in Ii shi u mean and a
s t unuda m l  n m -  v i  ~~~t I mu n u for n- ac h y pan mnht - I t  - t- . ¶ v  i n  m c ’ u  - t i m e ’ i  r lii t i - ru — st  was in

-~~~~ 
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‘ - s t a h l i s l m i u iq  us i m u ’ l  b m u - r  s v n h n l u - m t - , m ’m n v n l u l  ut I .m irm p ’- r form an in- e-  at m h i gim l u - v t- ! em f
t l u n - ~ se l ec t e d  a s t  ml 1s t  in - m I  t n t u - n i o c n  l b m ~~t u~~u- , ds5n ,,-j ml i - m I  w i l t ’

b nn u i i ujb i li t ,  nut ’ ( l u u )ll t t m a t  t ime ; m n i n j u - n t wou l u l perf orm wi l b v l r t  Iii,- c - r i  h u - n i n u r u
n y l u  r u m  b y , -  ~m ( ’ t tma 1 tnt l u - m i t t  l u v u n s , t i mo nuuj h s mtm , - w t n a l  l -u hot - io us  if donut- by

t tar m n l , ut’ , -  u u v u n i m - t ml  i n n !  lu - s imple .  F inst , t im e s tanu da re h cli- viat ion for t h y , -  da t a
n’ - ,ri u ni v u - r u  pt l u m I  for 1 g I v u - m m  mflC usnit’ n - i s  c o mput t - vh ; f _ m e nu , a ruom ma l m I u -v i ,~ti-

(‘‘ i’’ s m ’u,r ’ ) j~ fv uum mu e i  ht ~ di y- j n l i m ue i  t h i n  nil fin- r u - m i t - n  hu n t w i - n - m y  t Ime cr1 t i—n i  ny n u rurnd t im-
m u t m t a i n ’ t - u i  Si t u -  of In t l  n - ru - n t  ii, f l i t -  stanniard v i n y l  - i t  j v m n u . A t a l u le  of nuorma l

I .j I m - s  u - u ,  t h i n - n y  i me used b u n  i s t a h > l j s t t  inn appro sima t ion of ti m u- prohabil iI~
m i  - ~l t ly e (I i lot in n n~ tin - n f l nm w i ll In f un- t be- n - s pu n - I ,  - t i t mm S f_ n y  us i It t 1 m m  l i ,t
c r 11 n- n i n n y , or , us I umn t  I h i m -  uppr-n)~uni a te-  equ iat io ns , a n y ,~~d u I  prohn.mbi l i t  ~ ca m m u-
u’cinnp unt e - m b . For n un ,- s ub j m- n ’ l  i n  I h i m -  s tudy ne- por ted  by Int l  t n- rman annn i ~% t o vl , i t
i% t ’ u b u m u i u u u l  I b , i I  pr- u i t t . u l m I  h I m - s  of s t u \  j og w i t h i n  t int - n- r i  ten on om’u t h u  four
pni- . iousk m i y u - n , t  I m , c y u nl v m r i a i m l , - n  w n - r - :  O .~~’~~; 0 .5,”’) ; o • Y u ) uJ5 ;  and () u’J95~ ~f
I t u , -  u - ’ . u - u m b n nun w i t i r i t  u- u n i v  of these’ prohahi I it i u- s  is based are i n m i m - p u - n m t i u - m n t  , I b m - m m
thu- In - u i - S i l i t  i v t -  product is titu — probalut ii ty that t lu u- e- mvti ru- mi ssioni pltase w i l l

- m -  us i b m  in I lie cr it nr i on  l imit .  l~i t in this approacim , w h e t  b in -n  appl ied to
s i n ; n I i t i o n  on to  an in—flight situation——assuming tlm ut t i u - c r i t e r i a  c. uum i n n-
- u - , I t  l t d — — i  f l u -  probabiliti es t- mn u  hi- m m - v -n -l o ped in u way t h a t  makes thu-rn

m c m l i i- 1 ’ ’ r  m n r p nmse - s  of ru- ! i a i n i l i  l v  u - u m q i m m m - t - r i m u g .  T iu n -  n— g n u  re-ni~ -r m I s ar ,
I ) u t  - thu 1 d mus t b i t ’  quart Ii I a l i  ‘.n in form , ( ? ) e rmough ru-pc f_ i t ions per  sub~ u-n t

mt n sl t n t ’  ( l v  idi d to  iv - I , i u v t  r(- ,ms innm al ) Iy i-e l ia l )l e - estimate— s of time- st anm da rn i
m it - v i  y ‘ I Orn , uru ( i ( i) Si nyu - m r  j l t  - r i on mus t hue .mv~m l i able-  i i ,  I is -;pe- u’ ~ f i ui) I e i ’ m
5 5 - i - h  I’ il j ~~

t -  I u u n n u ~

‘u. I _ I t t — F  I injiut b-lt- t itods

m~. am s t  , -m- i — H m~ t - n b  t-k -~, s m n n u - s .  ~. m r- i nn d n s t n - c ’ b m n m i n 1 t j e s  hi uve bvt—nu us —d to re cord
i m u d l n - n - s  u t  1 i t - n f m y r r u -  n m - n -  1 m m  ii n n - r u f t  . T h i t - ,’ t m m v e  inmvn ) 1 vu -n i  v a r~- i r un t  ik’cj rees of
di f f i n s u )  I’ .  m u l  lus t u l l u t  lout ~itd im, iv - ht -m-, t  used usit it  .mr\ ~~n q ni t - m m -n - n  c)f 5uCr(’SS.

,l l’ ‘ u I  I l un  ‘ - un i I t - s t  sm ,s t m-r ~ns ‘ m t -n i  v o l t  i c jm -  analogs , u- i l  b u m  frc nm cli ne-n - I
inns 1 ~ u ,n~~- i , I p1 (‘kujf fs or from ru-pu- m i ,- :  irt s t rume mut 5 , to dri ye liii- penns of ,uii
I~~k —usr i I m u g  m l s u - i  1! oqrdp l u . ?-‘~ ru rn- c - i - n t  l y , f requency moelul at ion I t - m l m r v i  c l m nu - s  itave
h ’ - -n  u ms u - m i  It > record aria log si qna Is unit o magne-t Ic t ape ; o f f —  Ii nun-  computer
r n- m m b u m  i t  m uu nI ~iu m m !  ys is u- .ini l b t i - n t  lie app I ie~u I 1 mm the- tapes . And still mini_u rn’
l a y - n - m u  I i~

, t y r m — i n m u a r n i  di  nil 1,1 / i ru g  I ee ’ t im n lqime s P v , m y t  bc - i -u i  um si -n I t o  r n - n u n n n i  ch at a on
m a qnt et in- I ape d i r e - c t ! .  lit d ig i t  ,ui format for l a te r  computer anal ysis.

um r uu - of l i i i-  u—ar lie-nt work onu St cud ic -s of a! rc ru-us work I c) adi 1 rmVo I ved
_ - ur i - n I I m u n y s  min t  I i m u -  stannd ard I n - n l m n u  I gnu’s (t f t ime— anud—mo t i t u r n  st udy (e.g.
( 1 y r  Is  l i - n  t5 u -  mu It’,) , ,uruei , at about t i n  at same t i me- , piI of work load ( i r is  I rumixont
s ur ic ,  I n u t )  w as s tuidleul my ‘ us e ’  of motion p ictures of pilot eye—mu )ve- me-nt s during
i n - I  r ’ n i~~- n y t  ap p r u t m n - t t u - n  ( 3 9 ).  S t i l l  more - n u - c n - u i h l y ,  V~’in ,unu(i K m - i n  (5L 4 )  uk-scribe
time u-,u - vn f t n t  I y u - —Pol rut  of Heqdrd system that uses a ho n  .‘ onmt , m I movement
1 , 1 , ,  ~ uj (  ( b i t e  iuuu .mrd ) arud eo r r uu - a l  ru-f lectio nn I ci g ive ~m resolution of

1°” lit u- i  ttue - r ax is  w I tim rn-spect to time- eye f ixat ion point. F’hioto—
‘j n u ( i  i n  ~In u i i v i  nl, n ml api- t i-ru nr i ques have a lsuu b e - n- t m used to nu-c -or( l gene- ra 1 p ilo t
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- u - l n v i h i m -  inn , i m u i l m l v m n  - i -  u s ’ - ! !  us a i r ’ u - i it ; u - .ni , I m p ,  / t  n - u ; ’  iv l l y \ me usu j r u - -
u l  u ’ v u u  I r u  m l  i - - - i u ;c -‘in ui n ‘ I I I u - mm - m u  - rn-u -u - ‘ m l  l v  , v - I ‘ - l in~um I , f i b  I t I I t -  r , ~m rm n l  I v t - s

5 )  i ’ m - m i  I Inmu - — , t n u m i — u n i t u l  i u m n m  5 ?  u u i i ~ l m - v - t l t t l t i v u m - 5  in , - . t l m n u I  j i m ;  ‘ ‘ i t - u s  m n - g u i r n - u r t u - i u t s
I ’ m - t~~, y -  — (  3’) f m n t k e - n —  a i r ’ u - i u f l  urn un - I  m m m l  mI , ’ l u t n i S .

b?  u ‘ m u t  - u m m u b  tI I Hi v H s  (!~ 1)  n- u - pc_ ui - f  u -c !  a nI mnd ~ n’ un m l i -n i  u n i t  i n n  u t h e u - r i m u r u f t
I -, ‘) fb  n i l  min t n- mn -b, y m l  c - i  gtm I t ’ \ ; l t -  m j u l y - t i  I n i  nIl sp I u, n c y n u c i i t  i m u m , - u u n m c l n - r  s i  rrnc il uI u - u i

c im’ ~m - i, t f Ii qi m t n m m m m c j  i t  i nmnms . Tb ,- I u - , k s  v - y i n  ml  m int t i n ne j It mm- ~ v n h j m - u  t ~ , 
w I , y ,  ,,t - mn

nva  l u -  I v y  f l ,  i ’ ’ ’ 4  , u s -  SI ( I )  I r ut - k  l u n g  a rarl c lc mnl l \ u ;  - n u n — n i l  u-n i (-onnrl m r t t i  I I i t t  I ; m , I  I
( 2 )  a u i i s l t u r - b u u - v i  - i t t  j I , n u l c  t usk h u n t  ni g h-m d  sm u t ’ j~ -c t- t i m  n - t v m ; m u - n u s t l c  I - n m
(‘,,u , u s s i m n  m u i t i s m -  s ’ t m m n m m u m - u l  w i t h  t I m e -  an- I nt l  im t t m k  a t t  I l u n m i t ’  s i c j n m a l  ~t t v m b ( 1)  n i - y ’u u . m m v
f rom ‘ I i i ’  i nu nl i t t  i t ’ ’  I t -s u mu I , - mm - v i  us i t t ,  st t i n ii mi m i t t  amigo 1 ,mr in- n y  - i t  - r u t  i mints . -\ I I
n i t ’ a u~m - c m  - t u - u i  r u b  - 1  on a s I  ni p n t -n - ill- i b m - n  annu l ummu tnac~r tu— t IC t t~n m -  . \ r n u u n u u 4  s I b m u - r
r- m - s m u  I f s  r i - ;  ‘ t m - n i  nv t y i s m ’ m u n ’  , u n tch  ~ I lii m ; t - s ti ns b u t -  f innii nvq tb m.u ’ t i t t -  mi i i  I n - m u m m y - u -
of u ,mml -m- m m u c , , b  b u t - u u l i n m q  w i n  s i n ; m u i f i c a m n t  1.  he- f  l u - n  w i t h ,  t i t ~~

— ciisp ! i~~n 1 m m  a ; u ’ m m ’ s m m i t
mon k- in ccunun iya rid I m u  1 v u  iii; mu - u s i b  ‘I n’~ mode- .

k u m n m u i ; t  ( 3 1 )  r- t - s u v r - t a s I U t l ~- e l n ’ s i q m n n - m I  I c _ u  t - v - m l t j , u t i -  h i m -  h u - a s i b i  l i t,  of
a t n l c n n u t  i n - n b  1- _ uns e s s i n m n ;  T— 37 s t u n c l e - r y t  pi l~~t p u - r b u m r ’ m m m n m u u -  In l I t -  \ i r  F n unn t-
bJr t ni n -r - n mr - : t mjm m m l t -  P1 I n t l  Ti- uini nn ; program . -\ T— 1711 n i nt-raft was i nmst m n m n rn -nt te - n i  t i n
r u - u - v i m- m b - I f I  i c ; b m l  a s h  u - , maI r u m! ;n u m - u m u i u - t i - r - s  in d i g it a l  form ont ma cjn u- t i c  t a m e - .
I-l u i on y u i ’ i u I v l n - ~ (a i ns ; m i - m ’ u b , p it c ’ I n , n u m b  I, ~ I in— k p o s i t i u t n i  in I t S u u  d inT x ’ must or ls , annc l
rm m n l m in - r  m u S i t  lo in I u~m -  n v -  sdmp It - mi I I nn ) t innic s pu-n t ’ u ’ u y u m n i . III b u t - n  va n ab ic’s , sucin as
a l l  Itude- . t ’ t - u u O n ~~~, f lap p o s i t i o n m , t - t m .  , w i - n m -  n amp li -d u t  u l0— iIi n m l n - . -\
mml i j u n  p u r l  ml  I h u i s  t i  f u v r l  I u u v - u m l v m ’ y b  , ut tm-mp h 5 v v r v  t i m e  part m i t  i n m s t r m n n - f n u r  p i l o t s
I m u  f l ,  v i i - ’ m i m e - n i  m a n i y - m i v m - r - s  in us ni u- u n ’ l \  ; i u - r f m - v b u m a n u u m t - i -  us t n m n s s j b l n - . T i m-se

nuu i : , u - n j v u - r s  us - n - v i u r u u ~ u - u u  n i owm u j n i t v u  i n l t asu - s  int ni -,mn iv i t - n - I t - n t  l i v  com pute—n u n u u b . s n - s  irm
t r y  i t  tu-mp t ho u f ,  v - l o p  rn ei a s ’mr - i- s tb m ~~t t in-st n ’l i t - m m ’ ?  ‘n m -n i a i v l u ; bm I c - ~~u - 1  of

h u u - n fm m r ’ - u u u m t -  n - i m n m m - t n rr - i t t  l~ , s m m t n j n - n - t i ye rat  i t m t ; ~ of t i m e -  l m t ~~t n t i c t  nur in l e y t s  were
also m m u-ut - i -  h n , mn’ b nub  I m n -  i - v m l u a t  j n m n n . T b m u -  n n - s c n l  I m m nt  b m n n u u - I  ion us nut ’  I b m , ’  -

v , n i ( y m y  u - i t s ? m l  an te l p u - r fo rm ar uce  parame- I n - r n  w i - i ’m .- c’nrnnparm-d wi  t In  I b u m i s u -  of
s h i t u t ,  I pi h u m  b u t  I m~ to m u _ - m t  if y t h n m s u -  nuw-asn i res t ina t  t u e - s t  d ise - r - im inate

m u - l u s t - m m  l r n i n u u - m - s , m m,ui  ski l l e - n t  p i lots.  t )v ,- ra l I, t h i s  e f fo r t  met w i t l n  mi~~n - u i
n u t - u t ’ s - ,, t i n t  m a j n v r  at I n - m u t  I v m r m  was eh i vn - r t u -d  I t ,  f n~ i n tq  to fo l low f in e ’  prog ress of
sI  v n c i u - u , t  s t l m n u i n n n t t i  tin t - 1 n i l  nninng program. ‘i maj u m r-  di f f i u - t n l t ~ u-nn c n munnf  c -m e d was
tI m - r l u- ,mr I uct of ,m u lre -e m(- nut across irnst ructors as to w imat ,  was most important
in ( - t , ur u m t u - n i / i m u n j  n t n v t u d  p t ’ r forman nct-  j ut part icular man euvers.

b i s ; m n ’ v t m u ~ , H nsn nin s n n-mi , i m u n i  W i l l  i s  (27) r u - p u n r t u - m l  arm i n— f l i ght t- v a l e m m t  i-a rm of
m ‘‘ pen pb n e - n _ u I  v i  s i t t u t  f t  iqhu t  el i sp l u~ ’’ ( b ’ \ l  I)) m m  - u b b u -u -cb tc ra f t  RonaniLa 35A
ii n- v - r a f t .  I ut - l u  of 20 p i l o t s  f l u - u s  two ILS appnoae- im u’s w i  t i m a conventiorual
disp I n~ sy sI u r n ;  l b m n - s  a I s tu  f l ew  f i vu-  approacbmes us I tim t i m , -  F’VF I) s~ s tem , but
v i n y  I~ It , , ’  ~~m~~t t w i t  ‘if I t t u - s n -  ~nit i i ! ’ m i , u e - b u u - 5  w i n- i - c on s id e - nu -d  for data analysis
p mu m t mmm -,n - - • l’n-r fni m nm ar n -t - l u - vu -  is were-  r u - c y , rc l u ’ m i  nnnm a 14 —c iv anmn e l F- t i  analog tape

-
m s y s t u - m  i n s t - n i  led i n n I u n -  I n - f t  rear s n- ut of t iu t -  a i r c ra f t .  Twe l v i -  c l u , u r m n t i - l s  of

i n v f m m n m m I  l y n n  u~ m m u -  ri- -nu r - m i t - d :  p i l ot hu e - .inI m u t e ’ ; - i i  nt - ra f t  pil ed anmd rol l  ( t ak e— n m
from t b ’  pr im.mry at  I i  t ui di- i nud iu - , m I  v v i ~ ) ; v u- i - I i t - i l  annu l I a te ra l  ni t -v  I at ions from
I I,, ILS u - n ’ n y l , - m  I i ’ m -  ( t  m k u - m m  from t h i n -  nj i i n l i -  slope anti! lu n nm l i/e r  s ignals);
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m i t  It u n n i n - , ii rsp u-ec l , m r t n l v e r t i ’ u I  ‘ 1 n t ’ n - u l  ( i m b i t m i n i m - u )  I’ m ‘ cm ,  l l m u -  n i  m t - r a f t ’ s u u m - - s u u r ’ t-
m u d  s l it in- a i r  s , n t t - m s )  v- i ’ m t  i t- i l  a u - u t - h — r u t  j v m n m  ( t . u k t ’ u ,  I n  n’ ’ , y m ,  i v ’ t - I u - n u n n m n , - l , - m
I cm e ’ m t u —ui  n y u - u i -  I O n- c — i - n u t  c- r  of c m ,- u v  I I ~ uI l b m u -  t i m - ’ n - t f I ) m u  - n b  I nvn i  ibm - v - m l  I
( t  i km ’ n  from a re -mol t -  g~ r u n — s t  mh i ii i t - m b  t ’ vn n m ;v m s )  m u n c h  m - v m r , b  m l  us - n - I  nl,iI - v
( m i t  - ml v n - ’ b  frtu riu u m m n - c b t , m n t t ,  - I i—c t r j c  I n- _ u i  i bm m , u I  in  u - u  - I m - m b  t i n  I Sy - mi t m  n - u  I I ‘ s n—tin y I m u  I

v - m i m I c s ) .  ( v t - nt s i m j m t ~u ls  wu m n’ i u m s t ’ n I , ’ t I  m y u n  u m - ; u , t r m m t -  m h a t , m  n - b , , t u , n n p I by t m 1, m i ’,-
I’ a mj n i ua 1 sw it n — b y  • I)a t i  w e —rn-  ni’m’ nuru l i ui ~ I ui’ I [ m m  n - n I l i t  - m m - u ;  I n  m m i i r un t ml l b  u -

apprnua n- t t  it t ime-  ou te- r  mark -r a numi  e - m n u i i m n u ;  w h i t - n  I I t -  m ’ ’ n u i w - i \  I , m ’ t ’ s iu o lnl was ‘ r u m s - n - u i

at - n m a l t i t u d e  of 100 fe ’e- t  ; - m l I h i u t  p t i i u u t  f i mt ’ s u utn  j n - m - l  w i n  l n s l r - v u m ’ I u - u i  I c ,
incru-~u si power ari d go ,m r n ) n l i mm i .  tlm ~ di f f e - r m - m y u ’ m - s  u s t - r u -  f n u m n n u m i  h u m - ?  w t ’ t - u m  I but t i i  s i m i  t \  5

‘ ‘ m l  t t m u -  more’ u -x perieu mn -u - u i p i l o t s  t V  t i n , -  n mi — m u v n p ( i i  a v t - n ’ a m ; m ’ i m b ’  1 , ““7 itou irs of
i ; u s tm nj mt - r mt  t ime ) mainta inmen i m sma l I , s in t n n i f i u . m i m l  n t n t n , - r i c n r j  I , on iun ) ld i in t q  1 m m

L i i ’ -  g l i d e -  s lope- h m u - t w e - u - r t  t ite o u t t - r  annul ml m i d l n -  munkn - n s  us n’om in ,u r i-u h t n t  u 1 ‘ - s s
n - ” ~~i- n ie - r mcu- c i  qrouip (an ~m v e r i q t -  cii’ 10 4 bn ou m rs  n)f i n m s t  rvnm u - n i t  t i m e - ) .  I l m u n s
a]’ tmn i tt q t m Hisbrook n- t  al. sl ut ed I b u t t  I I m m ’  

~
i i lo t s  g m - u m u - r t ! I ~ nil  c d  I t , , -  P~ F 1) as

~ u m u d  to t -  xcn-i  lent , the PVF I) di Si) I u~ n n m r m  I I. qnur’ .mt ic i l y  di nl rmu ul  ru - s u i  I t  I
s t a t  i s t i c a l l y  superior pe- r fo rm uu m - u - .

13111 i ng s  , Cerk e” , arm ni W i c k  (6 )  di ci u st  u n l b \  I ( i t t  , t i m v ’nu nni bm i t  (ii ci m u t t  I nv n i l  v u
ma m n ipulat ion of work l oad , is i f  im u l  t ’ n t - s t  i u n - m m u i s m -  I I  i r t v m n l v n ’ c h  l m n u t i v  i n m ~~f i iqh t
and sim ulator performance- . T I n , -  y i n  .uhn l t -  m t  h I  1 w a s  t t v n -  n t t m s iqe- m f  sodinim
su-coharb i ta l  (0 , 100 , or 2 11(1 mg).  l b , t -  i n — f l  1 t ; b u t  t n - a r t  l n v u v  v y f  t i m e -  sI m m i i ’ , u s u s
c u r r i ed  out lm~ usirnq i nnn n-c ’ ia l  l~ m ust  m m m n u u ’ u ’ I t - u i  ( ‘ u ’ s - m m ,  i T ’ ; I l u -  s i m n u l a t  unr pa r t
of t I n -  study used a c,- \T—i  s im ulat u) r .  ( y r m m l i i  I h i t  m i  nv ’ n u f l  mnum i  I b m -  s i m t u l , m t n ) r - ,
dat u w i -n i -  ru n- t u rdeui 1m m n i i n t i ta l  fmnr m m s mt ut  a - , um uujuI  i ! m n t  r u t  t ’  of ‘5 II, I t t  ~ 1 ( 1 ( 1
me asures of average a h s c u l u n t n -  er r um r inn i no l n i iuu n i  t n t  I b u t -  l u u u ’ u l  lien , qI 1 m b , - p u l l
and commanded airspeed (10(1 mp b m) ; rovt l — mt - unm _ sn l m i . u r ’ u ’  (H ItS )  n - i n n u n  w i -  ‘ b y - n - i  v t - c l  i m~
appropriate comp untati onal prn_ uc r-n i unes for u - a t - l u  ml t i m e -  v i m  i - t i m  I t -s .  Time- f l y ,
‘ ‘ h i g iu l y  e xper ienced  prof n - ss i u n n m u l  p 1 I n t l  s ’ w i t t y  s e nv - t ’ n i  inn I b i t - SI ‘ im P,  ‘ - ‘ w i n - m i  i
small , nornsi - ’n i f icanut  overal l  i nm c r - n- u s m -  inn t - r mo r  me ’ r t n s ? ,  T I m -  ~~~ ai n m ’ n u I  I

f l iq in ts  (ave r-aged ove r drug co n m d i t im , n t ’ , )  an u ui 1 s l i n t i u t l m . l m r m ; m ’ r , ~~i 5 i - i f t ’
c in -u - ru - ise- m m  e rror ov er  t ite six s i m u u l a f o n  f l i c t b m t s  ( . i u r - t i r m  u v ,- m - - m u t t - m i  , m ’ , u ’~ ’ i b m ’ , ,’ ;
e f f u - c - t s ) .  It Is In te r e -s t i r u g t,o rmo t t ’  l im i t  w h u n - r e - a s  a l l  i f  I but- si -

~ ~~t - i l  i s h  l v i i

tes ts  carried out on the simu 1 utor dat a s h u nnw - t - t b  u s i t i n i f  m u m  I nim n i nj u - h ’  t n ct
only four of the- six tests on t h u ,  a i rcraft  chit a s iunuwu-u b I ( , t -  n l rnnn j  n f b ’ ’ - m t b u m  be
si qn l f in - a nmt .  In addition , for a l l  segment s of t i v u  a ppnvm u n - bu  I b m n rn n —c in n tn t
(p lace-ho) condition was bu-st in t i m u  simu I at n)r , m u d  fnnr a ll h u t  cunmu ’  seqiTui ’um I
I bun -  101)—mg dose resulted inn bettu- r perform a nmce I tarn iii d thu 2 11b ( —mu j (lose- inn

tm u u- simulator . Time analogous resul ts  wi—r e - ml xe-ni inn t l v i -  c~uSe of tine - a i n t - r i f t
data. On all three measures (g lide slope , loca l imer , arm nh u i rspe- ed )  t h u HI-IS
variabil i ty was less in th e slmu I atn r I h a m  in  t ivn  u i  rn ra f t  ; a nd  for tinily-
a 1)501 ute measure- ( devi mt I on from com mannui ml rspee (1 at t iue 2t (I) —mq dust- ) us as
performance In the- simu lator nunneri ca ily poorer Unarm in tine ” a i  rcr ,mft . DI ru- c t
s ta t i s t i ca l comparisons be tween s im u lator  ~nd a irc raf t  we- ru -  riot re-porte-ni;
perhaps they were not feasible - .
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‘ 1 . I v f u ’ n u n u l  It , Ila-~n - u h  t l u - i , m n r n - s .  h i r i n ’ t s o n t , ( iav,mrel li  , and W u l f n - n - k  ( 7 )
m i t - y ’ m i b m u ’  u n~~ntu-m t l m a l  m m m S  b u t t - m y  ‘ n -,, u - t h  tn asn i - ss  t iv n -  q u a l i ty  of ainn ra f t
n m r r j u- r u i t p nnm mm ’Ii u ’- , anv i l  l m m m d i n u n i n .  T h u w v n r k l O a e i  v ’an idt ions w i - r e  I buns ’-
- u - - , u u ’ i at , u i  w i t h ’  n v j q b u t  y u - m ’ s n u s  t l , t~ la nun h im nn j s . T im e i um n i cu -d i un r e -  for nn - n ’ o m n i imuq the
f in ta l  a p p r u m a m b m  p- n fo rm an t c u -  i m t y - m u l v e d  u s b i pi)unarn i I m u s l r n m n u w - n u t a t ion s y s t e m
v ’ u m i , s i s t  m u g  oh’ bus 1mm m n r t - d ’ i s i m u m  rac i , m m’s a m tuh  - u s i n i n m a l  d a t a  m n - c - c m n m i u - r  t imat provided
nip f mn e- i 1b m I - i t . u r i m u e l ,  of m - v m mmt inuun n u s  V I  iq hnt i ruform af i m u n i . Ti tu-  ram nqe error was
n u - t u n v r t  i -mi tum O n- onu t h e  or mk - r of 4 feet .mu tn i b l u e -  an nguta r u-rro r , omn I b u n -  order of
0 .3 m i l l  I radiant . R anmn t e - , t r o t -  a l l  i t  nidu- , uI l i t  v v t i m ’  n’ rror , lat eral error , si nk
spec-ni , t r i m ’  - a i r 5 1n u- n - d , (iu- ck p1 t cit , dnnu i cI Osi rig speed we re- t t ie -  yari ab les
usnia I l~ nu n’ m y m i im - d . Among i t t  b y e  r f i nd ings  , Un ct s m , mu i - f  al. reported that
n i t  i t  m m c ii- n- rrors we -r i -  g m - i t t - n  if m i g ht Umann durirm q the day wi th a qreater
I m ’ u t u i n - u n v -u _ fu,r t im u - appmc i un - t l to lie-’ i me low ql ide-’ sI  nm t nu ’  at niqint . I3rictsoru e-t al.
- i i Sn) report  thua t  m ru - ds i) n ua h ) ly qood meas uini- o f time-  quality of time approach
,t nud l am nd i nq us-as obt mined m y  simp ly riot im mq which of the four arrestinug wires
t i- i  b um m c i ked anuci I v u -  niumluer of “bolters ” (no .mrresting w i re  engaged). The
rn-u j uur n i i f f n - n u - r u n n -  iii t ie  tasks of m i ght versus day landinq was in the
i r n pum v n-ri stone-rut of t i u t -  v i sua l  f iel (1 inn terms of nietai is of the carrier and the
I - x l  ‘ire- of t i n -  w,I I u-n .  Hot imavinuq t i tcnse cues made t ime  task more di f f icult ,
arid bIn  c t s o r u  et ii. u s t - r t -  i! ) J m -  b o  n i i - v n - l m m 1 n  nil f ferent ial  cm i teria for predicting
s unn - u - u 5’, fuj i I andirugs al n ig h t  v ” - n s m n s  niurimiq t i u m -  day for various departures
from I b u n -  opt i mum ap~n n m u . t n - b m  n n ) nv f i qur at io nu .

\ II . ni ‘Cu  u ’ s  j c n T y ~ Ru u ’ mi rn ni u , - n u c ha t 1 o rm s  , Ciut  I onm s , arid Cone - 1 tis ions

-\ .  -\ Hy p mj  ) b , n ’ the a I lu-st- ar e -I t y t I m  i t - l u - .  Let mit , dssume t h u a t  t ime - re e x i s t s  a
r’- u l . m i n m - r i f t  s~ s tu -m w i t h u  t i m e ’  fnil Iu)w inug capahil i t i e - s :  ( 1)  -\ nm u’xact
.uss i q nvn ’x -r t t  of ’ l b ,, m n t t t n n n ’  .j nnt nuuni e- r of p i Ic i l  duties or au - f ivities can bit-
r ’ m ,, u i u ’  fur , un m ~ ni l vi n y m i s s i u n n u  ptu~-e;u- . (2) II is possi ble- to vary those duties
- 1  mu g i~ or m u  m -m mh inu a t  ionu ov m - r  t i m e - . ( I) Conitro I and di sp  lay character ist ics
u- u n ,  b un -  ma nt i p u u l a l  u - t i  ,m l us ill. (4 )  F tm men - i n u -  ,mn u nl re l iable quant i ta t ive  indice s of
I l u -  t usk de— m a nnn hs p 1 ac - i - u i  n>nt t h u  p i lo t  is, t b u n -  system are avai I ab In’ for all task
‘‘ 1 ,- me -u t n - ( S ) (‘ i - n -u - i  si acid ru- li aOl m- q u m m v  Ii tati v u- measures of the skill Wi t im
~ I m [~~iu I bu n-  t~

i I m it  mn-u-h -; I l u y u ~ u - ilu ’ma nnn is are’ ,iva I lab 1 e . (6 )  An adequate cri ten on
m (-dsure m m I’ - , ~ - ‘ It - rn m u -  m form a n u m-n- is tv ill at) Ic

V , b m m T  k i u m t b s  of irr format ion mi gl ut  we e xpect t o  inn- ab lu-  t o  deve lop as
n u - u t u r n is p1 I t u t ,  us mirk load t bur e, t ug iu t i n t -  mnf  s u i m - b u  a s~ s tern ’ F irst , as we add tasks
iii di f f en i -mml  conn~

) I m m al i onus , we simon Id lx’ dl) lu to determine the priori ties
t h i n ’  p i I oh msn i gnus I ci I b u n -  di f f t ,- reni t  tasks .mnmd w i nn- t her these priority
us ’, I grime -nm I s art- ( - nun u- , i s t e - r u t  mn - n uns p ilots ; as t lie number of actions requl red

F l u u - r  m m m i  I umf I i rni’ ,ippi’ mv u m ’ b m u - ’  - u v u l n - x i - u ’ n -n h n  t iu u— tlnie avai lable , or as
s imul I unuu omn ’, uit-m dnuii s for art j o lt  an sn , sinnrw - tasks w i l l  he’- given less

u t l t - J i t i ( u n t  us I t i n  a m u - s m i l t a n u t  lower inun i of pt- rfo rmanm ce i) nm those tasks. Second ,
wi - sitoul d Inn -  ab It - l i i  nit- t i- i- mi no- h o w  t ine- d if ferent  elements of the- pilot’ s job
h u h  u - r i ’  - t ; us nil ff u’n-nl I ,i- ,b-. s art- ,uiiuied It ,  t im e  t o ta l  workload , do some tasks
I n - u y d h u m  h i t  u-r f en u us I t i m  I bun -  pi- rfn irman uc - of ot i mu-r tasks? And , th i rd , we should
hi’ aO l ,’  I v y  m h u - t  v - m m j n n -  w iuaf  k j m , m b of t ask’s nun pu rfommance functions are most
su-n r, I I [vu ’  I v  vani il i v t n t ? ,  m u  I tn t ii n it -m anuel.
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In u - - i m i  1 - u i  ‘ - m ~i - -- ~ m - m  , f r  i n t i v n  n t , m s k  I m u i m b  nit nut i r  us - s i nk ‘ I  ‘ v n l n - m , w u-
- i u u u n u l u l  I ’ m ’ , u i m l e  Iii u b u - t u r ml n i t ’ I I -  i- t i n t  i v u -  - u - m u - i l  l v i ? , nib l b , t -  ni l f f u - r t ’ u v b

- n I  n ’ m n m , , m i n - t -  n it n u , m l u , 1 ,  m u ,  v u u  j v y u m  t h y - i  n y m t m t n u ’ n m l m i  , u m u ’ b  t t n u y i ’ u ’ u b u n r ’ u l  f , l e v i ’ ’ ,. m~’n’
- ,‘ - u t u u l e l, in t ’  I- - s~, mn , -usm , , i t  nh t h u - i ’ m - m t  m - c t u m l n ’ ’ c t  , t mj , u i n n  s n - n -  w h i m - b ’  t 2 _ k  5 nr’~- g i v e n
pr I - ‘ j t  , \m ut nit - siton i I t i  I - t in I t  - I v y  mn —q t u i  mm - in b u y  nryn i I j u n  n m ni t i c ’  r’ - I - u  I I vu -

j nn 1u n y n t m m m v ’  m b  ‘‘ ,up ~- m ’ , ut mum s t ~ I n ’ ’’ i n n  - ,ys l i- n’ i  t m u ’ n f ’ u v n ’ n t m m u u ’ u - .

- -n -~~— ,t,-çu ia I ic ‘ t n n , i i u ’ s  ml  l ink v ’I m u i ’ m c I n - n i - ,t i n ’ s , I i - ~ n - c in n lu ini - i ’ on u s , ti nt
m r ’ ‘ m i u m r u i  b um- l i t ’ ’ , tin - ‘,t u u u u u l u i  he— - i i ,  I n -  t o  v i n y - l u , 1 )  a e l u m m u l  I l m t  l v i -  ‘ m m i v  n ’ t u t v y f

us -i I u v , t v l  C u l u tm ’ I  I u ’ n — — , y - s u n k -  trt ft-r Ivy  u - t i  I i t — — m - b u unnnue- l u’ i t m , u m ’ I  b y .  li ut y S , Wi ’
,h ’ u i t 1 ni b u n ’  m l ’  I n -  l i v  _ u n m ’ j y n -  u t  _ u m m v i t  j m m m u  of w v v r ’ k l u u - u u i  fcu r  a t n i y n - m m  m j i s j v y n u  l u b , u -;n - u ’

i m u v u m i v i u t u )  5 m y ’ w  v i i i t  ii;’ ’ n , l  b I t t -  t u i l u I ‘ 5 l u m l u i  m c y m e - r t l — t y u — n m n u m n i w - n m l  c g v u m i i y I v ,

s i t i ‘I’ m. t h i n - n~ stu-m vhu ’n mm,m m ,u b

l ? u , f’ u i n ’ t t n u m ~~t n - l y  , I b , n - ~~m - m t m i m t ’ ,mr l u u  b u n ’  run,  h m u ? m l , u ’ u - S  in, wlui c -lu a 5,51, -rn v i m  m
s j m u m i _ u ? m ’ m i  s~~~t - -u i i  i u , u ~ b y ,  u - m m  s t ul u ju t - l u - c l  I ,, t l u n - ~~u - 5 y u i I  s uu f  m um t j 1 n t i l t t  l oris in ~u n t y
k I m m i ut  r u m ’ uum :r _ u n nl ,,t ju ’  m l I mn -k m m mi I b , t ’  n t m l t i i ’ m- m y f ~iI l m i h w m y n ’L l m v ,,u b . ( \ I I b m u u u , ~it
5 u l’ w - I t m i u u nj I l k ’ -  t h i s  b m us m u - u - m i  m l v i i’ w i l t  s~ n iI b u m - I  i v ’ usui r l -  l y s k - , the proqran’iS
it ,t , m - u m m u l m u - - ru - u ’  c - mm r np ln- f  n -  m u m  , u - , n\-I n- mnm , if im - - n - w nu nu ld m u -  m b u - s i m m h n l u - , and the
r u - s t i l l s  mi’ - , I m , - n - u - b ’tum u’ , of ‘- ‘ n ’ ’’ r u lu- v ummu’,- l u n  e nm v i ru u rnm u-nt l - ml to ni pro(’ rdu iral
s - u r ia b u l u - s  t l u a r n  t u m  t i u m i k i v u t m I  s u -  ( u i . m l j  h u - - -~ i - I ,u l . ,  1 1 ; \ l l m u i s i , 2 ) . )

l b u u w n - v u ’ m , us ,- m m l v , pe-m I u t u s , m u L t -  stn n’rmu - u -m i t i n i m - a I  ly  i n , u , , ’ m l  pi T , -  I j u m u m s
( i - c h u m ,  i t t - u i  m J ’ m t - 5 s ~- b as t n t  us b , t h  ‘ imhl - of I I , m -  pn m b m t ’  Is  m l  ~ ,t , - h i  m t m m v u n 1 n i ~ m ml m i l l

u ’ . I l i s t , us u -  u s v u m n l i i  s u r e—I, f i m u d  f l i t  - tu r n ’ - t as k-  w i l l  be- q i v n ’ i pr i on i t~
n’ - h I  - mi n t -s W I I I y in - t i n  ‘ m y n t  n y u ,  I m u 1 m m  i n m n j  mm nI l b  m u ’  ii u - n - v - u - i  v t - u i  ( — r  j i  i n - i l l  I v n i h  l I t  - I ask
I m y  t b , -  ~~i f n - t ’ , of I t t -  -,~~sI u -m i m u m i  I m u  I b m -  l m n - ,bv mL I i ?  ~ t b  n rn j ’ , s m u m l m  dccnm nmi p l i Sim n Tre nmt.
F m r  u- xannf i I ’- , I I  - — I  t ’ ’  m~ m m j  yh , m n u n ’ e ’  i mu f u u r  i~i m I i m u m ,  us I b u n -  q I n i v t -  r~ in I cj im 

~n 1 o n t~
ib sr ’ i rtq  v ’ ’ n~ I m m u s  v i  s i t n i ill’  u i u i u r - n u m c lu t - c i m u d j  I m ints; m m c i t I n - r u -- is re-asont to

un- h i m. , tb ,, u t  mmml i , ’  m n f Ii t u~— i n s t  m u nn nu - n i l -  urn ’ , m n m t i - m - u’ i n n n m , r’i i m ,n~ v m  t u m m u  l y t us  a
pr io r i lj  ,uftu - r lnru - m L m t u i t  w i t h y  f n t m b u ’ t v h  iaII~ n l i a , t n ’ m y m n s  r ’t ’ s m n l l - ,.

-\ r t u ,I I , ’ - m p rn-ni i t  I ab I n ’  ~I ‘‘,t i t  is t i n t l  t i n  - n - I e ’ m u-nu I ‘ , u V rn,un u\ n i i~ in j i m - i t  i onms m m
t as ks us i 11 bun - f e uu m nnmi  l v  bun ’  nnon n,m ul n i ill m.in~ ( i n ,  f hu t-  si mm cm In-st me ’ mn I m n n~ ‘nf I lii t t n - m m )
-\t h i g h I t - v u - h ’ ;  m i t ’ p 1 h i t  s k i l l  at time’ ‘;h u u r - i n u q ,  el n tt u t ’ n l n n- r  v u f  tasks n - m u m  appare-nt I~
ii,’ l i t - r h  ummnw- 1 us i t i t o u t t  m - -v l y b n ’ n m n - , -  of t l n - m - r n - n ’ r w - n y t  ii or Cre)Ss i m m b c - n b n ’ m n - r u - n - . Itous t-ve r ,
w I t , -  n ’  t ‘ i ’ ,’- ~ ~

m nt - n i  T m t  n m nmu f I  I ct I u u q de-rn ,irtnh - , b b u m ’  i tt- k i - i’ an hi h i  I i m. i I flv u\ t ake’ onm a
murit ( ii f fe re— nt c i t a ran - t e - r ;  b i t t -  s pi’n ’ I fi t - e -ff ec ts w i l l  1 umnj , - I~ c 1i-~nu ’ nmn1 o m n t im e
r i - q un i  red samp l i m m u r  ra l u-  f m m n  t b v n  dj f f t ’ r r nu t  intfcn rm al , ion s u t t m n  - c t m u i t n l t - u i  w i t i u  the
r r - q m m i r e - u t  ‘‘ (hwc- lI t ime ’s ’’ ; I • u- • huow lonmq i t  ta ke’s time- p i l o t  I n  t - ” ,I n ut-I tiut ’
n u t - i n -  nsa n- , inn fn , rma Ii orm • Pt- r bm u m ns t ime most I mpeirl ant ~ 

j m u m 1  Ii - fan- I ii r inn liii s art-a
I’~ lb v t -  (1t-qru”C of fr i—c-ib m t i t t -  p h  lot n , m n m  m ’ ’ e ’ r c i s u -  ,j5 f i n  t ’ x a e - l  it, wtmu ’ n n y , u n ’ j u m ’ i s

m n ’  I ions must be limit! - if u-ni .

If th e ~ ni n 1 c j u - ’ ; I , - m b  program W i-re- l v i  iii- u- ,i rriu’ ni far n - n ie u t i q im , i t  use iuld probab ly
deve l op I iu , mt mu t t  It ,  - i l i m i t e d  ite u n~nn ’ n - of op u - r u t  t n -  nt ~ li-s w i l l  e-nne’rqt ’ that w i l l
a l l o w  or i nusu mrt -  overa l l  sa t  i st ’~m ’ - t  tour  um l ’ f i t t ’  system du’m,i,mnis .
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‘ \n y t l , f i n m I  1) ,  it iii II hi , ’  on ul~ , mf tn - r  s v u i y ’, t a n t t i a l  m m c i  f b m c i r t v n u ; b n- n ’ - t ’ t i ’ - l ,
t l , , m b  I b m u  c l m u , t n m t i t a t i v e  m e l b , u u m l s  w i l l  ~ i t - h i nn’ , mn l i  ly v n n n - a i m l i ’  i n d i c t - s  I b m , u t  m u - I n t u-
c i i  i’ m ’ v ’I l u  I t t  ‘ l i t m u s  h ard t b v u ’  pilot b ias  t o  work ’ ’  w i t i m a e i i v n - t u  iy s l i - m  w ork len t i l
comm f I gur u I i onu

li ii’ f t c ’I I iv ut I h i - s n ’  abo ve—m rx—nb i m m n v u ’ v I  ‘‘ t - c hn m u ,ut n-el  ej uiesses ’’ an n- , for t i m u -  mus t
i ) u m l  , n ’ u l l m ,- r  u mb v ’m . l v m t i s sbmou ld nmot i v , -  a l lowu ’ni  to d e t n m c t  from t Im ’ m - I e - ,u r
c it -s i  n u l m i  III~ of - u t tempt inn j  Uut-ir empi ri v - _ u I vc-ri f icat ion . Pu- ritaps orm such a

u m m i m u ’,’’ k I mmci cu f  o mi t !  m um-  u uj i - nm e - ra l  t imeory of work Ioa(i could hi nh -vt-loped .

1. ( ‘ b , v um n s i  ru g m t-Iethod. Tht e f i rs t  armd fore -most factor to keep in m u d  1 mu
n ’ b u v t u t s i n u q  a mrw-t inodo iogy in  it tacking  some p a r t i c u l a r  work l oad question is thin-

~)I ii- t m~ ‘ S m - m m - qo~m I uu f tite ne-sn-arch . Tim is is I runt  - w h e t h e r  wi are choos I ntq from
ur’ mv s u g  I b m u -  k inds n f  metimod s discussed 1 m m - m u -  or from among t imose discusseni in

- m um, - ot l mu r S t  m i v i ~

lIne m n  min i  t im i n v c t  t o ku- i - I )  m m  m m m i  is tit~ t t I m e -  nneasures hieing takerm s i no eml c i
- ml  le uus I I n -  e h u - ?  n - m b I onm of ope-’ral I onal I’, imnport m m tt  changes I m m  time p i lot ’ s a hmi lit ~
t i m  s~u t i n f~ s~ - ,t n-rn nie -manue ls as a f unct iumum of f b m u -  work ’ load van abies being
m , m n m i p u m h - u t  n -n i .  If u qi v u - m m  measure or p a t t t - n r v  of me-asures were ’  to reveal
c ie c - r t ’ nw -mt t s I’m mm m m m i ,  - t ort f i qura t I n)nt cuf s~ s tn-rn ele-mands in re- I at 10mm t cm anuot bter
m - i i u i f i u i ’ r m t  i u u m v , h u m  t iu ’ t - n m - nmw- n n t  - stuouln i be- nnea ruim iq fu l  1~ ne-latab it- 1.0 c r i t i ca l
o pe -r - ut  i u n uu ,m l  I usk s m u  terms m u f p i l o t  rn - I !  ah iii t~, , sys tern safe ty , and/or
pr nmi u u t t i  li t ~ vu f mi s s i m y n ’m n n u m - c - n - ‘ i s .  -\l tm -m nu a ti vi- ly , ( a n d  this is mucim more
di f f i n - nu  Il l u m  u-st ~ih ii s l y )  i f  m m c m  n m -cm -me-n t s a r t -  found for a g i ven work l n,ianj
c - y m n u f i m i m n r - u t  I m n m m ~ i t  s b m e m u n l c i  l y e -  n-le ’ a r l~ possihile fmi pnu ’ u l i n t  t h a t  t ue  pilot coulci
s a t i s f y  1 itt- 5y stem uh-mands y u m m i e r nupu- rat i  onal condi ti orm s • ‘\t the same time- ,
n- -v u -  m~ t u m i s s i l u l u ’  u- f f u i r l  (us i ttu i  it reason and l i m e ’  scope of avai lable resources )
sito ci ld be mau i- 1 m m  desiqnn tim e m u- s e a rcbm so that maximum qenm e ra l i tv  across

y ste ms is poss lb  l u . Cl earl y, wt ue nm use - b moo st -  a meth od anud se’ lect the
y i n  ah ules t huat ,ire In he measure-ni ( time dependent var iables) , we are commi t t ing
ourse l ve s to a partic-u m lar realm of discourse as regards system workload
pa r a m e t e r s .  Thus , we must be certain that time ’  basic problem that- gave rise
to t Im e research c - an t  m m  fact be ita ndhed withinu timat re-aim of discourse- . (T he ’i
impor tan t-u- of t In e- si- lect ion nmf depenmdem mt van ables imas hue-i nn nical t wi t im in
st ,rTw - n i t - f  all by Chapani s , I 1;  by ~‘n II oh si , 3; ani ei by Ctu f I n ’ s  , 12 , l~ .

The most pres s inuq and t i me most d i f f icul t  problem in assessinq workload
e - f f n - n - t ‘, ( us im ,m te -v n ’ r  nnw-tito ( i is chose-rn)  lies in time deve l opment of reliab l e’ ,
q u a n m t l t m t i v e ’  (-n It-n a that v u l id ly  reflect system performance . We need
i - n i l n - r i a  against which to u ’va luatu- the results of our research . We must be
,ib It- I t ,  m u st i muqul st u at - n- u- pt  ,mhli’ from unacceptable , good from acceptable , and
n- ~~n ’ , -  I l i-nut from good performance of the system. We- must be able to make these’-
ui i s t i  n u n - f  I mmmv ’ qum.n rt t II u t I ye I ~ and reliab ly. And we rnetst hi’ able to d isermtanqle
p li t ml pe- r fu i rmn,mr t n- u- , machi I nm - pu-n f orman ue-n ’ , and p 11 ot— mac h m e  performance .
b b l  I imatu ’  l~ , we us ,t - u l  a method w i tin whicin it would he’ possible to assign
rd i - t h y  i t -  m. un • mnie -e - , as appropni ut i - , to t i tu- man , to t Ime ’  machine , and/or to the
man— m acit m u ’  i r t t  n rf ,u e - i ’ .
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I m m ’  s umm iw ’ - t i e - c - i  f i t-  qv u n - s f  i onus t h u  I s may m l upt - mr I, 0 bu- u niu ‘ n -n - f i t  j ye— l’~
mp~u i’ m m t  i T ,  iii in- qu m e t  i tint . I nn r u - x ump I n - , I f wn - n m ’ ’  - v i  l v i  m m - I t  - mm j m t m ’  wIt eb , of Ii’, m m

In st rv i l v , - u m  I I , i m u u l l  nil ~ sIn -m s r us t L e - s  (lu sma I In-n n cnmu I ri h nunt i  ( uru I c i  p i 1 nit u s m m m k  l o m e h ,
us’ - coo l v i  S i flip h n- n i  m n - n  - arcnnr m I n ’  nTuc tsv  mn-s of t but -  y I n - v  h i t  I n unu n,f I m e  - i i  rena f t  f rom
C l i i ’  ni h nbc- s Iv  g un- a r t u h  t h u  e- 1 oca h it- r aiunh t ie- nit aps monui ton ai rsp€ -e d . Compani so rt

ml ’ b i t , ’  v u I m n u - ~ v m f  I u - ’ ,,- rw ’a sm im n- s fo r t int- tw c n  disp lays s i mou ml d ( l i ve  us ant i r m c h ’ x
of thu I r us mu z - k I oa ul— i m uc i n m e - in g propemt l i -s .  How e’ve r , lb  is u- nv ti r n - l y  conCe l va b I i
thi a I o i un - ( lisp] t \ w n u e t  lii I c a d  t o  sma lIt- n m’ rrors ont ly because t bn e p i l o t  coul ci ,
t u~ w ink ing huar n i i - r , t ike m c b m . , u n n b i m m u ’  n)f some pe c u l i a r i t y  n)f t ,buat (iisp lay in
tu o l  di nmut f u n  t h i n ’  proper course- ;  at t b u m -  same t ime , t l u e ’ p i lot mi ct l - t vt-ny we ’ l l  hme-
less t h i n -  l u t  re-spom id appropri ut n- ly It )  some n’mu - rgency condit ion that mig i ut
iris” from so me v u t l m u - m  q e ia r t e ’r .  T iutis , in tb n is  s p e c i f i c  examp l e’- , we wou ld n t -n d

t~~ adei a v unla iu le tbu , i t  would sh nT( i llq h t  on how much of t i m e -  p i lo t ’ s work l oad
m , , T m t l j I ~~ w a s  h m n - i n t e j  m n s u - y l  11 bv ~ c - ut- b y d isp lay . In our imy pot lmi ’ t ical , connmp h- In-l~
f l m ’ ~~i h y l n -  ii n t - ra f t  ‘~v n t u - m , w y coulni inut no n lu (- t -  some- sort of ma] fu i nm t - t  i m u r u  l l u ,ut
n ’ m m n y n - e ’ i  v e l m I~ , con-mIni be ima nun i led re-adi l~ w i  t h y  t b u c -  n n t i mu ’ rw i Sn - pourer e b isp lay li mit
or ’l~ w I t h y  n ’ t t u m s i v i n - r a h u l u ’  d if f i ct i l tu  m m  I but  n - m u - of t I m , -  ‘ ‘ h m u - t  t e n ’’ ci lsp l m y . This
is - m d mi I t n ’d l ~ a lt iqin I~ a r t  i f ic ’ - i , m I t ’ ’u mm p l e’ arm d th y, - i r ut e nnt is mere ’-i~ to suggest
a possib In, w u y  1m m wi i i ci, wh at mini b i t  a p m m u - u r  I n n  hi- u s imp h u-  nnw’ u s mine ’ me- m t l prohn l m-m

m m - I m m m l  be- ~~ ~- m , y  aft n- n all . Tt te  of i nn-n I nut c— mn t in i nt nucleic i n y u  I bun-  e xdmp ii’
is  t vm snugges t  that  w b u u - n v  we ’ d raw - u  c uu n u t ’ l us iort base-ni onm u p a r t  i u - v n l t r  s n - f  of
lflf - , u s m J r n ’ S  , tIne n c- s u i t s  ma~ 1mm l~ n - x t r m p n ) I a t  i v m n m s  usu ’ II bue ~ c i mu d t I m , -  ci ncu m ns tn nt -e ’s
y n m d m ’ n  w h y  i t - t m  I l y e -  u’ne ’ msnimc - n nue m u l  ‘, w u - n n -  m ,m uie - . ( Hn-r ne-n r-mhe- n , ania l o t t i e ’ s , ~us w i - i l  as

n- -‘ampl e-s , stmo u i l d not be pustu -eh too fir.

T ime r~~’asemr —mne-’n t in tl , im m u I~ n i ’  ~tppmn iae’bt m i e - - t - n i b u - c i  b u ~ (‘ m , I  I u-r rn m nt i m v m b  V u m y t i d  ( 2 1)
iii t h u - i n  u-va luationi of penformanuce’ iru a ‘ t m u n - u -  v u ’ i n i n - I n -  n ime i la l  or i t u t i - m ns t n t
- , t , u y w  y ’ , n nm s j  nie’r uh l t ’  promise us u I n ’ i - b u n m i q u i i -  he i r  v ’ m u m , v u - r t  i n n e j  tn r ,mw n n  pe - n fu tn - m a umu - e-
Tw’ ,ms m u r ,-rT leni tS to probabi lii it-s n)f met-I  i rnq m - r i t m ’ r i n u n v  m n - m t u i i  r e - m e - r u t . I v mw u v n - r ,
t t y c rn. is  a gap bi -t we e n u t b u e i r  app l i n - m t  h u n t an t i h  I I n -  I ~t ti n - i l  p 1 l in t  work  I mua e l
m e - i - u i reme n it n i tu at io nu . Specifically, m u  t i n ’ -  u - - u  o f I b m , -  I u n t m n  I -‘,c t ins ion
M , i m l m j l t -  , I lvi  maximum v , mi n u u - s  of var ious 1n a n amtw -b n - n ’ - c - mn ’  bu ’ s m n u ’u i f l u - e l  gui te
readi l y - ; fo r examp h u - , eng i nt n- u ~n ir iq s l i t - n i f j u ’ m l  j m m l v  ( l i n t  i t , - l I m it t h i n -  impact
v u - l u n c - i t y  of t u e  v t - h i l t - l u -  onu la ndl n nj c , m rv n unu l  t -~~v ’ n ’ t ’ m I ‘ u u m 1 ~~- v u i m n u - w i t b m t i t t t  risk of
el mmaqe . ~~i~ i y pr (-cisin)rt is less c l ea r l y m m - n t  i l l  t h i n ’  i t t  t b t u ’  m ij o r i  t y -  of
m i r n- r a f i  o pe r a t i mmu t  s i tua t ions ; t y p i e m i  It, , n . i l h u n - i ’  I n - n umb l i t  i t u m e h u ’  is  poss ib i m-
In h u t -  fli giut parame ters wi  h uon it mink of u ’ n u l e - r i r u t j  t i n u s u b n ’  ns n nu e hi I i mnun s of f l iqb u t
Ti tu s In sOfllC art- mn h ue ’ appl i u - u t ~ nun nif I I v u ’  p r n n e t - n h n t r ’ m ’  1 m m  s y , m n w - u I r c r u f t  miss ion
~u t m  m ‘,i’~~ ml gim t hun-come ’  a hi t ~,rb i t ra my • I’u’ rb m t i ns  for ne-s t - - u i - c - t i  peirposes it would
t m ’ r t n - e - e ’ S s mry anti prof I I aim le t i n  set nip rnt ic bt mon- n ’ st  n i nun l i -m y l  cr 1 tn- n a t i t a n
rtni rrmia l , hu t not I cucm - t n lr ugt -n it  ; t b u u -  di f f 1  u - n i l  t y  of t t u e -  c r !  t v - n a should h~ — suctu
t h a t  b i t t -  t y p i c - a l  p 1 l~ t f rom t i m e -  populal ion of p i l o t - to wit I ciu wi- w is hu to
qe- rue ’ r~) 1I ,n- would , u t n u d t-r ru e-irma I co n ch ( l o tus  , he eapah It - unf j t t  - r’ formi rig
s~~I I s f i i ’ t t i n i l y .

Assumin g that we bv ,ve’ mnhu -m l u i, m lt- u-ri t u n a  of ~ y , i e - m  pe’rfunmannce t h u a t  re - f i t- c t
both man am ud m .in—macim I r u n ’  u u u u m  I r I hu n t  i inns I m u sv sI r f l i  nt ui t put i tow do Wu~ pni icn- e- e i .
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finu ~ first step is tht- identifica tion of ill  of t i t n n~ i- human an d mac hinm e ’
f an - I  ors that n- n utu ld cnince i vab T y inf I u tu -mue-e  time v u r  i a b l e -  mm f I nter e’s I . Thu is list
I ~ m i v - u  11  y w i l l  hut -  ummmar mage-ai) le from a rn -s t - a r t - tm po in n t o f v iew , aru d e- xpe ml
j  t u t h v j nw- nm t , b ust - t i  on knuow ln’dg e of hu nman behavior anni system behavior , w i l l  I m uvu
f y i  b ut app l I m,’ni tn ) n’ limiruate titose~ factors of neg li gible or mel at i  v n’ ly  small
poterm t i~~l impact . Having developed a (presumably manageable) list of
imp ort anut f i e l ors , we attempt to phrase (or rephrase) time quest io n nu n - tm thu- i t
it hut-comes amenable to some (as yet unspecified) research tectunmique . We nn-x l
,m m n mn tm l n ’ t b v i ’ re levant factors into two categories; one category corm f mi ni s items
t im i t  ire- in the nature of constraints or boundary conniltions , and the second
cat  n- c JO n \ contains items t h a t  are in time nature of possible independent
v a r iab le ’ s ;  th is  second category w i l l , o f cour se , inc lu de the f a c t or or
f e e l  mrs t inat gave r i s e -  to t im n ’  need for the researchi in the f i rst  place- , (low
wi ,i ru m mdv I (n c:’ x m m i  ne’ I iy t  si tuat ion in n detail iii order to make’ u decis ionm
ms h u m  wh it w o t u l n i  hit  t h u r  best rese-ancty methodology to app ly to the problem.
- \ t t i v i s  ~)oin1t t u e  ava i l ab le  guidelines be-come very ambiguous and professional
j v n m i c ; r i w - m n t  must  play a d omint a n m t ro le.

I 1 m b , use lo ok at what are re ferred to above as the boundary conditions ;
f l u - s n -  a re f l y n -  fixe d aspects of the operatiorta l system from wh ich the problem
ule ’n iv e ’s ; t b t e - ’ ~ c u rve - u - rn  factors such as time gross weig ht of th u vehicle , its
f ii gim I n m runje ’ , miss in~nu ch ua n~uctn-  nis t i cs , nn u n ~~er o f eng ines , etc. F ach of t iun ’se-
f un ’ I  mr s is u-va luate d in re l a t i um nm to t I m e -  questi oni : “t-liqt t t  t in is factor be
re-aso n~ib ly u - \ I t ’ C t e ’ d  to have- an e f fec t  on the performance in question ? ” fl tt- rm
us e - exam ine- t’ mch item m nnu  the l ist  of po ssible ind e pcn u nin - ntt  y i n  able’s ; and

tu t u i nm we - isk the question : “Might this factor b, ’ reasonuab l y n- x pe’n ’ - f  c -n i  to have
m v  u ’ - f f e - - c - t  oni t i v u- performance in questio n?” bk-pending on the pattern of
“yese-s’’ amid ‘‘ rm Of ’ 5 ~~’’ ~t w i l l  tenn l to m i i r m - ( - t our a t t n - i t t  10m m tow a re i  m m rme -

niw - h i uodo lei  ~y or a r tot t mer.

If , for e-xampln ’ , the-- basic problem is c ort cn’ rned w i t i m  a perceptual
qu iest i nurm , say -m visua l discrimination in reading two different type’s of dial ,
a n ue i k i n u ’ s f b m n - b  i n - or gr uvi tat lonual cues would not be expected t n  play a role - ,
h u n - r u  p(’r t n u i n - , j me - inn - or less t rad i t iona l  labor atory s tud y mig ht hi appropri i tu - .
( Vu ,-  w i l l  re f u r  t o  l i v  in study as task A.) Howeve r , If the instrument reading

mn-tnt bin ma( if’ w h i m -  performing some other task , s~my a two—dimensional tracking
task (w e w i l l  n- , u l l  t iu ls  st ud y task fl ) , t h e n  perhaps a par t—task simulator
would  be- 1 mm o rd e r .  If the ’ performance of task F~ may be in~ ortantly influenced
It y  t i u u -  inisn’nt uu nu of comand Information , l i me-n t  a more elaborate simulation
mieihtt t ue in uinde-r (t  i~ k C) .  And if k ines thetlc  n- nit-s may be important , we may
n u n - n - n h m i  go to  1 motion —t ype simulator or perhaps an n 1 m m — f l i g ht u-va luat ion .

Fi m i  11 ‘n we must se-lu-ct the dependent va n at) I e’ — — the  tuning we are goi ng to
me-anuire . Utis may be- i time measure : iuow f i s t  can the pilot do a task? It
may l ie- aim ibso h u n t  u’ e rror measure : how of t  u -ni  did  i t t ’  hi t t but’ wrong switch ’.’ It
may hi- a r e l i t l y t- n-rror me asure : what was his ave raqe deviation from glide
s I m i 1 me ’, Wtmatevi’ r the’ me’-asuri- , we-- shoule I f at ‘ ill possibl e try to re’ late the
findings back to system-relevan t c r i t u -r ia u in- vm- le )ped In a manner analo gous to
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t h a t  t i r - sc r i bed  by Cot herman and Wood ( “ 1 ) .  A l l  too often , time thing titat is
t ’ b u m u s u - r u  f inn ni,asureme-uut is t in , t t  w h i t h y  is -usi m - st to acquire or imas l ie -u-nt  u t s i - d

u I  uf te - u u in time- past us I tbiout army specific rationale’ having b u t - n m  showni t ,in it
rel ,t l n’s t i un -  me- u- y in ’ t n u  neal — ny stt -m perfonmanm m-u ’ questions.

l i t ( m e-inn - e -~isn--s tine- results of thue study (accuracy of dial reading in time
, u t i y m v e - — u I u - s n ’ r i b c - e l  -x a m pl t ’  ) may- provide information that is more or less nl i ru’ct iv
i m n t e - m p r - n t m h m le-  inn te-r ms of workload . [lent what if the-re is no citange in any of
f l u ,  nrw’asn mn i- n u a f v n m y e ’ t ionn m f  which dial is used? Can use’ infer timat the two
iii a ls nt- ,m r e - e - i n t  equa l work ivu , md contributions? The answe r is , of course , no.
mm ,, 

~~ m t  I t - n  we it a v e  pustueul th u t o ta l  w o r k l o a d  to a maximum ne-asonable and
i l k ’ -  I le~ u - I ,innel f o u u ru t i rio cii ffe remtct-s on army measures should we lit- willing to

, e s n v n n r w -  t h i n -  c-q ual it y e)f t I m e  tw n u  d is p ldys.  (It is a peculiarity of statistica l
i~w t  I m m u m b y m  l t u t j ~ I i l l wu’ u a n m r m n u f  p r vtvi - t biu-y ire- equal .)  Tim e procedure we use t o
; i m i ’ , tu  b l u e -  apiiare mll I n v t ’ l  vn f  w vurk  load to  a maximum is , agai n , a mat t n - m  o f
prof-ss 1 onal judgment. Ru n t  i t is an u \ ~ nt-me- ly important judgment. If
w m m m k  I m m m i  is ad lt -d in an ohvIeiu~ I ~ anti ficial mannier , n-s ~m n ’ e - i  m l  lv if our
s u n  h u j n ’  t - I n nrc’ un i t e r e t  i onma 1 ;nu - ns o r m n  tn I , we- may lose I bm i ’ m— —mot iv at I omma II y speaking .
Vu n- must always be- sure t t uat t it i- ni-sedrch situatio ru—— be it laboratory ,
s im u l at  c)r , or di rcraft—— is pres ente d i n  a manlte ’r such that  it w i l l  be-
respo nun ied l i v  dS i “ re-al ” si tuat 1 on as opp ensee l to a game or a co nu t r I ved—— and
t h i n s  (pe rhaps) medn i n g l e s s — — e - x i - r ( - i s e .

I e ’t  no one mdke t i ne - m i s t a k e  of assuming that this proce-ss of choosing a
mn e - tht mm i is easil y u-xe-u nited. T ic problu’ms are many a nd  time mie n sions di f f icult .

C. Conclusions. The general approacim e’s th at we im ivi labeled il lahoratory
meth ods ” are - probably best sui te ’d to con ducting b.uckgrouind ru-searc h on more
c i er m n- ral quit-st - ms pertainu in ig to workload . Wh e rev -n  t iu -y anu’ ,~pp~ opniate
Ih ut y ane time nmuethod of cimoice because of the  typ ically hi gh deq rc ’n- of corutrol
possibl e arid the attendant hig h it -y e is of nt-li abi ii ty .  The sy nn thu t - t  it work
rnn ’ t l to e l is especia lly wel l  suited to examinming gener ai w cur k l oad questions
because , by its nature , tasks can be added , remove d , and modif i t - e i  w i t h
relative ease, and , elepenu ding on the overall leve l of complexity , large
investments In training t ime are not required. The fact that it does not
s imu ldte an aircraft is bo tbm a strength and a weakness; it Is a w eaknmess
because of problems of generaliiing to specific systems ; it is a strength
because , if the , tasks are wel l  chosen , operational subjects can fairl y eas i ly
be convince -el to react to the synthetic work device for what it is and not make
unfavorable comparisons between i ts behavior and the behavior of an a ircraft.
Tine secondary loading task method , especia lly when applied In a simulation or
in- u—fl i gh t  context , must be used with care . F i r s t , the task that is used to
produce tue load Increments must be somehow (at least rationally) relatable
to the kinds of activities it is presumed to assess in relation to the real
system. Second, the properties of this task itself must be exaimilned; at a
minimum Its reliability and relation to other tasks should be known . Alt hough
some authors (e.g., Rolfe , k?, and Corkindale , 20) argue that tine primary
task shou ld remain unaf f ected by the introduction of the loading task , this
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r u r t eh j  I i m u mn u p i u t - u r  1 m m  bun u n n m r m t - e e ,’ssani ly ru- s t n i u - I  i v , - . If I b u n -  load ing I ns b- , is
pr- u b un ’ m l  ~ s, Iv  m l v - t b  ( us m m ’  m I t - m b  ahov n ) a mmnh cnnn n t r ,me i i c f  ony t - n-n u l b  - , ann- oh ta i n y t -m i
(e . u t .  . pni’ um - ~ I u k  - \ sh ow s a decnr-nnent , priman~ task g is untc ( t a mm g enl , h u t  f bun-
l u u , m v l i  m m c l  I u~~ sh uu w i ii i ’ m - nm - me- m t. us! t in U and nnot w i l l ,  A )  , t i n t -  f inel i r v q n  nnnay- t i n- of
Ii’ u I n ’  n’ I v  ~~, i r I v ’ t -  I i  work loath (or nh v , m n m n m n - l ) capan- i Iv us a c i n t i t  try - concept ;

~u - n , i f  s u m - h i  r , - s v n i  Is w i - r n -  r v u m t  simp ly t i m e  p r m ) c l m n ( - t  0 1 s t t n r~’ uncorutro l lu- ui
e c n n v e h i t ionu , H um b j n i i i i r m v n  u~t m u u I nI v ’ u’ n ta i n l~ - i nn-  cu f  t l m u - n v n e I i c a l  i f  s u i t  pr ac t ica l
j f l I t -~~m 5I _ l’n - m - m u u ~us j I  is bit- I h r  at t b mj s  sl t u j n -  of vbm ’ v n ’ lopm e r t t  t n t  con nsi ck -n the ’
c mtrm - ’’p t ~

, m -b, u m m m m , -  I v - a } u u v - I  I ~ annib n i n n y i c c i u a m y m u e - I i - d n m i - s s  as m e - m ug mm -ru- h m a mu nu e-ns of
s ; m n - u k j n m e l  a r v n h  s e - r v i m n g  iun im ,m n i  1~ us bte ’ u r i s t  ic mm v i  u - e s .  -\~ thuouq bn t h is t1mm n -~ not

u rn l nnn -  a g a i n n s l  I b m , ’  n i t  ima t (-  possibi l i t y  t i uat  t i m e -  op ena tm in is sin tc j le
u ’ l u i r u r u t - I e - c l, pr - s t - u t t  t - v i e i e ’ n m c n  nu ignj e -n ts  t i u m t  the-- i n fo rmat ion—h a n d l ing  capac i h
of I I , , -  inuim a nt v u i n c - r u t  or is i n n f l v n t - n m m ’e - t i  l u~ too great a v - u nit-I ~ of f a c t o r s l v i  t ry
t o  u u 1 - r u m u m t u u t  I~ s n - I  I i t -  I bun s ing le - — c hanm nme ’ I hypotb mes is at t h i s  tint- . l~e- tu r rn inq
l v i  anuni ,li gin f I ~ chuanu q i nmv l t In t -  above’ n-xamp le , if task -\ shows norm- decrement
t h m a r v  I ask ii w i t h y  I t -  ac idi tion of t int’ loading task and t h e  loading task is
b n - r f u t n r m m - d  i t t  her us I tb t ask  U t iman w i  t i m task A , usc ’ cc - r ta inly  have learned
5 ,u 1~W -  t h u  i rig ubtum mi t t I m e  u s m t n k l o a d  propert ies of t i m e  tasks . Tine f indings , bf
c tu nn n - s - , rn-mnu, mint , t , m b m j  i r u j i t u n s  in rm ’g ards elvanne l capacity .

t I n -  a rna l  y I i n -  , n m ueh t h i n -  n~ nut  hue - f  i c mt ’ t ,b to ds both appear to y ield reasonab l€
r n- s t i l t  s , but bno t  tu l u - t b  t m  I niucs ne-st orm re - I  ,iti v t - I  y fraq i it- data bases. With
h u t  I h u m - n  N- s n - un - l u  onu ~ b y i t  I would call tint’ s in uning behavior , or what Wingert
(5’- ) u - u I  ~n funet ionn inn t ( - n lac i rng , t ime ’  s y nu t t t e - t i c  mne-tiiod promises to he’ a very-

y 5 u - fu I ii ci inn I bun -  eli-si gmn euf systems anud t lie a l l o c a t i o r ’n o f workload . There
is , b m m m w e - vu ’ r , e tu n u s i uie-r a i i le -  risk tim at tbv e de t,ai le-d task information requi red to
u i m p l’, l i m e -  nn w -tim u i ci w i l l  him-  c - m i t  l e - n ’ted and ston -d in a mannmer t imat  w i l l  tend to
I imi I i t  - cii c I n I b m m l  ion unt i l  re-suit in substantial amo m n m mts of’ unmnm e’ce ss a ry
hip l i t - i t !  mint uf u ’ f f nunt . . Previ otis mt t n - m 1 n ts  to eieve lop clearin g inouses for the
i n fo rmu t  I vt  h a y , -  nn m ut rne- t Wi t im niot i-worth y success.

Si mu I atoms , n-s pe c - i ml ly t b uose- conutrol Ic -c l  by general purpose digi tal
comp ute - r n , h ive-  th un -  putt-nit ial of generating large- amounts of very useful
in nform i ti o rm on work l oad. However , whether the prog rams t im at re -su i ted in their
acquis i t i m i m m  w i l l  u l low adequate access to sucim systems for nc - se ’ ,erch purposes
remd irns I mu b u e ‘, e ’ n - r t . flint u-vent give-ni adequate access , nc’ s c ’ mrch w i tbn  s imu lat ors
ii n v n u t  w i t h uoej t  it prob le’m s . I irst , na ive ’ Sut )jeCt s c am nnot tte expected to
I n - urnu t o  f ly m m  a m a t t n - n  of a few hours; therefore , for mos t purposes——or at
It- is I for t b u u u ~~u- purposes in whicin -th e full capability of the simulator is
usc -el --I ra i n iu-n i p 1 I m u t  s are required who have adequate e xperience witin that
simul ator anud/or thi n’ mi reraft it simulates. Thus , salaries can become a
s i q r u i f i u - a n t t  p-m t of any substantial research effort. Second , the simulator
is , firsh and foremost , nie ’n igrmed and built to appear to behave like the
ii rcr if t i f  S i m i i l a t t • s ;  t ine ’  qual i t y of ti u- signals interna l t e n  tine simulator

nteu ’e h n tc ~ but-  v t -m y iii t j bu to ‘,,mt isf y thuat require-me-nt . Thus, especially with the
olele-r ni mu l at vnrn , f b y c -  available signals often introduce an unacceptab ly high
th’qren- of m u t r e ’ I i u h n i  li ly Inn h ut ’ f ina l me-asures. Third , because the simu lator
is mh t ~~ I g rue -d te n mimic t i m e ’  ~i rpl ane , many of tine functions are interconnected
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1mm such a wa y  t tmat  it can ime - vi ny di f f i n- u i  It I t )  s e ’ p u r u t n  tt uc - m oeit • I or
e x am ple , t int -  relative contr ibut ions of t iun ’ s i m u l m t o r , p r e s e n t  ;me- r form a r mc ’ i -  of
I m l  ‘-rest , concurrent performance that is nmo f of eli ne -c t  im ut e re s t  arid I hue -’
i rm t enac t ions  of these factors as so u rce - n of var i u rv u -n-  may be- lmo i um-1 ~ -ss i y
entarm y i led.  And , fourtim , also t n n - c s m e n S ( -  h b m u -  simui u t m u r  in c le-s i gn t c - d  t i n  mimic a
part icu lar airplane , ge nne rm l  i/ a t  ion I o oh b i t -n  mi mc raft  WI bit n ig mui f j u - , u r m l  l v
di f fn ’ rc nut characterist ics (such as p ntn - 1 layout . m m d  cn ~mer at ing proce dures)
bun-come s rather difficult.

F xcep t for some of tine safety l i m i t a t i o n s , irm- f liqint me-t huds ca nt him- i n n -c l
on v i r tual l y any problem suitahie for inves t iga t ion  inn u s imulator .  However ,
tIme -  recordinmq of data of demonstrate-ri reli ubi l i t y-  is a s igni f icant proinln-m.
(
~ - ruu- r a l l y speaking, a i rc ra f t  are e’ lect nica l ly very noisy , anti , usiment-
mag net Ic tape recordings art ’  made (c- i t Im e-n  di qi t m  I ly or tbunoug h frequenmcy
modulation techniques), substarmti ui programi ng for signal ‘ n e - ct m nv tiit i onnin g ” is
typicall y required; glitches are a constant source- cif , n ntnm oy ~nnt ce- ( Knmoop , 3 ~ ) .

Itnifortunate- ly , no reports of reliability dat a tuave been discove red for
imu- f l ig itt recorded performance measures or for simulator performance measures.
In fact , th is  is a major technical deficiency in v i r tua l l y  all the reported
re-si -a rch using these two methods . (This criticism app lies equally well to
meuc it of the ot b mn - r reported ne-search related to f i n -  nw-asurement of work load ;
v i z , laboratory research -u .)

Some, readers may be d i sappo in tn - ch  tim at firmer quic iel i m ne-s Inave not been
offered as to how to design and connduc~ re-search on workload problems inn
aviat ion operations. Those who are fam i l i a r  w i t im t huc bebmav ioral l i te ra ture
on t~ie measurement of complex human performance w i l l  understarnel tine absence
of prec ise , “ cookbook ” rules for proceeding.
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